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WIRES  AND  CABLES* 


1.  A  wire  is  a  body  of  metal  of  uniform  cross-section, 
and  generally  of  considerable  length  compared  to  its  cross- 
section,  which  is  produced  by  the  process  known  as  wire- 
drawing. 

2.  A  cable,  as  the  term  is  used  in  the  following  articles, 
consists  of  a  number  of  wires  collected  together. 

3.  The  metals  and  alloys  of  which  wires  and  cables  are 
made  may  be  divided  into  two  classes.  One  of  these  includes 
such  metals  and  alloys  as  have  a  comparatively  low  specific 
resistance,  which  may  be  used  to  transmit  electrical  energy 
with  comparatively  little  loss;  while  the  other  includes  metals 
and  alloys  with  a  higher  specific  resistance,  which  may  be 
used  when  it  is  desired  to  absorb  electrical  energy;  that  is,  to 
convert  it  into  heat. 


METALS  AND  ALLOTS  WITH  A  LOW  SPECIFIC 

RESISTANCE 

4.  Metals  in  their  pure  state  possess  the  highest  conductivity 
and  therefore  make  the  best  conductors.  However,  of  the  many 
metals  capable  of  transmitting  electrical  energy  with  com- 
paratively little  loss,  only  copper,  aluminum  and  iron,  are 
commercially  used  in  this  condition,  although  most  of  the 
metals,  and  certain  of  the  other  elements,  enter  into  the  alloys 
which  are  used  for  various  electrical  purposes.     Platifium  and 


*For  the  general  properties  of  the  materials  mentioned  in  the  follow- 
ing articles  see  Cheml«tiT»  Matertal«  and  Mavnetlam  and  Blectrldty. 
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mercury  are  used  iu  the  pui'e  state  to  a  limited  degree  as 
conductors,  on  account  of  special  properties  which  they 
possess. 

6.  Copper:  At  the  present  time  the  metal  copper  is  used 
to  the  greatest  extent  for  electrical  transmission  purposes.  This 
is  due  to  the  fact  that  it  is  not  only  one  of  the  best  conductors, 
but  that  it  is  also  ductile,  strong,  and  low  priced.  When  all 
these  qualities  are  averaged,  no  other  metal  is  as  good  for 
service  of  this  kind. 

• 

6.  With  the  object  of  finding  a  material  that  would  be 
superior  to  copper,  many  alloys  of  copper  have  been  carefully 
tested.  As  a  result  it  has  been  found  that  the  effect  of  im- 
purities, or  alloying  metals,  is  to  decrease  the  conductivity, 
even  a  small  percentage  having  a  considerable  effect.  Some 
of  the  alloys  are  stronger  than  pure  copper,  but  their  con- 
ductivity is  so  much  lower  that  they  are  inferior  for  electrical 
transmission  purposes,  when  the  increased  weight  of  material 
required  by  their  use  is  considered.  In  addition  the  strong 
alloys  have  the  disadvantage  of  being  generally  more  difficult 
to  work  than  copper.  Those  alloys,  whose  conductivity  ap- 
proaches that  of  pure  hard  drawn  copper,  are  always  weaker 
than  that  metal. 

7.  The  conductivity  and  strength  of  copper  are  dependent 
to  a  certain  degree  on  the  manner  in  which  it  is  worked.  Thus 
hard  drawn  wire  has  a  lower  conductivity  than  soft  annealed 
wire,  but  a  much  greater  tensile  strength.  The  properties  are 
also  affected  to  some  extent  by  the  size  of  the  wire,  and  flaws  and 
other  imperfections  have  a  considerable  effect. 
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TENSIIiR    STRENGTH* 
Hard-Ihrawn   Ck>pper  Wire 


Size  of 

Breaking  Weigrht 

Wire 
B.  &  S.  O. 

Lbs. 

Lbs.  per 
sq.  in. 

1 
2 
3 

4 
5 
6 

3565 
2892 
2338 

1890 
1520 
1221 

54200 
55500 
55600 

57600 
58500 
59300 

Size  of 

Wire 

B.  &  S.  G. 


8 

9 

10 

11 
12 
14 


Breaking  Weight 


Lbs.  per 
sq.  in. 

60500 
61100 
61600 

«2000 
62400 
63100 


8.  Aluminum:  Next  to  copper,  aluminum  is  of  importance 
as  a  conductor  for  electrical  transmission.  As  in  the  case  of 
copper,  its  conductivity  and  strength  are  considerably  reduced 
by  the  presence  of  impurities,  alloying  metals,  and  by  flaws 
and  imperfections. 

9.  The  conductivity  of  commercial  aluminum  wire  is  ap- 
proximately 61%  of  that  of  hard  dravm  copper,  so  that,  for 
equal  conductivity,  an  aluminum  wire  with  a  cross-section 
about  64%  greater  than  that  of  the  copper  would  be  required. 
The  tensile  strength  of  such  an  aluminum  wire  would  only  be 
about  63%  of  that  of  the  equivalent  copper  wire,  but  due  to 
the  difference  in  the  specific  gravities  of  the  metals,  the  alumi- 
num wire  would  only  weigh  about  half  as  much  as  the  copper 
wire,  thus  being  somewhat  superior  to  copper  as  far  as  sup- 
porting its  own  weight  is  concerned.  When  aluminum  wire 
can  be  purchased  for  twice  the  price  of  copper  wire,  the  cost 
for  equal  length  and  conductivity  is  nearly  the  same. 

10.  For  the  same  conductivity  aluminum  has  the  advantage 
over  copper  of  being  much  lighter,  somewhat  stronger  com- 
pared to  its  weight,  and  of  exposing  a  larger  radiating  surface. 
Due  to  the  increased  size,  however,  it  exposes  more  surface  for 
the  wind  to  act  upon  and  to  collect  sle^t,  and  can  only  be  used 


•From   No.   XVII    Handbook,    Standard   Underground   Cable   Co.,    copy- 
right 1906. 
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to  advantage  where  it  does  not  require  an  insulating  covering. 
On  account  of  the  liability  of  flaws,  and  the  fact  that  the 
vibration  caused  by  the  wind  tends  to  decrease  the  strength  of 
large  wires,  aluminum  should  always  be  used  stranded,  even 
in  the  smaller  sizes. 


FROPERTIKS  OF  COPPER  AND  ALUMINUM  WIRE  COMPARED* 


Conductivity  referred  to  Math- 
iessen's  Standard 

Tensile  strength  at  the  elas- 
tic limit.**  Lbs.  per  sq.  in. 

Tensile  strength  ultimate 


Specific  gravity 
Lbs.  per  cu.  in. 
Coef.  of  Exp. 


Hard-Drawn 
Copper 


96  to  99 

35,000  to 
40,000 

45,000  to 
68,000 

8.93 

0.323 

.0000095 


Soft-Drawn 
Copper 


99  to  102 

3,000  to 
5,000 

25,000  to 
45,000 

8.89 

0.321 

.0000095 


Aluminum 


61  to  63 

14,000 

20,000  to 
35,000 

2.68 

.097 

.0000128 


11.  As  aluminum  wire  is  soft  and  therefore  easily  dented 
and  abraded,  considerable  care  is  required  in  handling  it. 
Joints  are  best  made  mechanically  as  the  metal  is  difficult  to 
solder.  Aluminum  is  highly  electropositive,t  so  that  as  far 
as  possible  it  should  not  come  into  contact  with  other  metals, 


•From  Del  Mar'8  Electric  Power  Conductors. 

••When  various  loads,  increasing  in  amount,  are  placed  on  a  wire 
it  Is  stretciied.  the  amount  of  stretch  being  proportional  to  the  load 
up  to  a  certain  limit,  called  the  elastic  limit  Beyond  this  limit  the  rate 
of  stretch,  instead  of  belngr  proportional  to  tlie  load,  increases,  and  if 
the  load  is  removed  the  wire  will  not  generally  return  to  its  original 
length,  which  it  will  usually  do  as  long  as  the  load  is  within  the 
elastic  limit. 

fWhen  two  different  metals  come  in  contact  with  each  other  there 
is    generated   an    E.  M.  P\.    the    value    of   whicli    depends    on    the    kind    of 


metal  and  other  conditions.  This  E.  M.  F. 
flow  from  one  of  the  metals  to  the  other, 
electrohositive  to  the  second,  which  is  therefore 
Aluminum  is  probably  electropositive   in  all 

the  value  of  the  E.  M.  F.  generated,  tending  to  cause  current  to  flow 
from  It  to  any  other  metal,  is  greater  than  that  which  would  be  gen- 
erated if  another  metal  were  substituted  In  its  place.  Hence  it  is  said 
to   be  highly   electropositive. 


tends    to    cause    current    to 
the    flrst   being   said    to   be 

electronegative  to  the  first. 

cases  of  direct  contact,  and 
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88  electrolysis  is  liable  to  occur.  Under  ordinary  conditions 
pure  aluminum  is  not  acted  upon  to  any  extent  by  the  atmos- 
phere, so  that  it  may  generally  be  considered  permanent.  How- 
ever, its  use  is  considered  unsafe  in  vicinities  where  it  is  ex- 
posed to  the  fumes  of  chemical  works,  etc. 


RESISTANCE    OF    ALUMINUM    WII11<1* 

ConductiYity  62  in  the  Matthiessen   Standard   Scale. 
Pure  aluminum  weighs  167.111  pounds  per  cubic  foot. 


B.  &  S.  or 

Ohms  per 

Feet  per 

Ohms 

A.  W.  G. 

1000  ft. 

Ohm 

No. 

at  70 *»  F. 

at  70"  F. 

per  lb. 

0000 

.07904 

12652. 

.00040985 

000 

.09966 

10034. 

.00065102 

00 

.12569 

7956. 

.0010364 

0 

.15849 

6310. 

.0016479 

1 

.19982 

5005. 

.0026194 

2 

.25200 

3968. 

.0041656 

3 

.31778 

3147. 

.0066250 

4 

.40067 

2496. 

.010531 

5 

.50526 

1975. 

.016749 

6 

.63720 

1569. 

.026628 

t 

.80350 

1245. 

.042335 

8 

1.0131 

987.0 

.067318 

9 

1.2773 

783.0 

.10710 

10 

1.6111 

620.8     ! 

.17028 

11 

2.0312 

492.4     1 

1 

.27061 

12 

2.5615 

390.5 

.43040 

13 

3.2300 

309.6     i 

.68437 

14 

4.0724 

245.6     1 

1.0877 

15 

5.1354 

194.8     I 

1.7308 

16 

6.4755 

154.4     ; 

2.7505 

17 

8.1670 

1 
122.5     t 

4.3746 

18 

10.300 

97.10 

1 

6.9590 

12.  Iron:  This  metal  is  used  extensively  as  a  conductor 
where  the  amounts  of  energy  to  be  transmitted  are  small.  It 
is  seldom  found  commercially  as  pure  as  copper,  it  being  dif- 
ficult to  obtain  it  free  from  alloying  materials.  The  purest 
irons   come    from    Norway,    Sweden,    and    Russia,    due   to   the 


•The  Aluminum  Company  of  America. 
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character  of  the  ore  available  at  those  places  and  to  the  method 
of  working. 

13.  Pure  iron  wire  has  a  specific  resistance  about  six  times 
greater  than  that  of  copper.  In  commercial  wire  this  value  is 
increased  to  about  seven  and  one-half  times  that  of  copper. 
Steel  has  a  greater  tensile  strength  than  iron,  but  the  specific 
resistance,  even  in  the  softest  qualities,  is  from  nine  to  twelve 
times  that  of  copper.  Cast  steel,  the  tensile  strength  of  which 
is  very  high,  may  have  a  specific  resistance  as  great  as  sixteen 
times  that  of  copper,  and  consequently  its  use  is  limited  to 
long  spans  where  weaker  materials  would  not  serve. 

14.  Iron  and  steel  wires  must  be  protected  from  the  atmos- 
phere to  prevent  them  from  rusting.  A  coating  of  zinc  has 
been  found  to  give  the  best  results  for  this  purpose,  and  wires 
protected  in  this  way  are  said  to  be  galvanized. 


GALVANIZED   IRON  WIRE* 


B.W.G. 

No. 


0 
1 
2 
3 
4 

5 
6 

7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 


Diam. 

in 
Mils 


340 
300 
284 
259 
238 

220 
203 
180 
165 
149 

134 

120 

109 

95 

83 

72 
65 
58 
49 


Weight, 
Lbs.  per 
1,000  ft. 

Breaking  Weigrht, 
in  lbs. 

Iron 

Steel 

304 

4821 

9079 

237 

3753 

7068 

212 

3363 

6335 

177 

2796 

5268 

149 

2361 

4449 

127 

2019 

3801 

109 

1719 

3237 

85 

1350 

2545 

72 

1134 

2138 

58 

915 

1720 

47 

750 

1410 

38 

600 

1131 

31 

495 

933 

24 

375 

709 

18 

288 

541 

13.7 

216 

407 

11.1 

177 

332  ' 

8.9 

141 

264  i 

6.3 

99 

189  1 

1 

Resistance  per  Mile 
in  Ohms 


£j.  B.  B. 

2.93 
3.76 
4.91 
5.04 
5.97 

6.99 

8.21 

10.44 

12.42 

15.44 

18.83 
23.48 
28.46 
37.47 
49.08 

65.23 
80.03 

100.5 

140.8 


B.  B. 


3.42 

4.4 

4.91 

5.9 

6.99 

8.18 

9.6 

12.21 

14.53 

18.06 

22.04 

27.48 

33.3 

43.85 

57.44 

76.33 
93.66 
120.4 
164.8 


Steel 


4.05 

5.2 

5.8 

6.97 

8.26 

9.66 
11.35 
14.43 
17.18 
21.35 

20.04 
32.47 
39.36 
51.82 
67.88 

90.21 
110.7 
139. 
194.8 


•Roebling. 
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16.  The  terms  used  in  the  preceding  table  for  different  grades 
of  galvanized  wire  have  the  following  meaning. 

E.  B.  B.,  Extra  Best  Best,  is  made  of  the  very  best  iron,  as 
nearly  pure  as  any  commercial  iron,  being  soft,  tough,  uniform, 
and  of  high  conductivity. 

B.  B.,  Best  Best,  is  of  iron,  showing  in  mechanical  tests 
almost  as  good  results  as  the  E.  B.  B.,  but  not  quite  as  soft 
and  being  somewhat  lower  in  conductivity. 

The  Steel  wire  is  of  greater  strength,  but  lower  conductivity. 
The  breaking  weights  given  for  steel  wire  are  not  those  of  steel 
telegraph  wire.  They  apply  to  wire  with  a  tensile  strength  of 
100,000  lbs.  per  sq.  in.  This  strength  is  higher  than  that  of 
telegraph  wire.  By  taking  100,000  lbs.  per  sq.  in.  as  the  break- 
ing strain  of  steel  wire,  the  breaking  strain  of  any  other  wire 
may  easily  be  computed  from  the  table.  Thus  for  a  wire  of 
80,000  lbs.  per.  sq.  in.  breaking  strain,  take  eight-tenths  of  the 
tajbulated  breaking  strain  for  that  size  of  wire  as  given  in 
the  table. 

16.  Platinum:  The  use  of  this  metal  is  limited  commer- 
cally  by  its  great  cost.  Its  only  extensive  application  at  the 
present  time  is  where  conductors  must  pass  through  a  glass 
wall,  and  form  a  gas  tight  joint  with  the  glass.  The  specific 
resistance  is  about  six  times  that  of  copper. 

17.  Mercury:  Mercury  is  used  to  a  limited  degree  in 
devices  where  a  liquid  conductor  is  required.  The  specific  re- 
sistance of  this  metal  is  about  sixty  times  that  of  copper. 

18.  Oopper-Olad  Steel  Wire:  In  certain  classes  of  work, 
such  as  in  railway  signal  and  telegraph  lines,  the  size  of  the 
wire  used  is  often  determined  by  its  strength  rather  than  its 
conductivity.    In  such  cases  copper-clad  steel  wire.  Fig.  1,  may 

b(^  usod  to  advantage,  the  steel  center  providing 
a  high  tensile  strength  and  elastic  limit,  while 
the  copper  jacket  provides  a  comparatively  high 
conductivity,  and  protects  the  steel  from  the  action 
Pig.  1    —       of  the  atmosphere. 
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19.  Wire  of  this  kind  has  an  average  conductivity  equal  to 
about  40%  of  that  of  the  same  size  of  hard-drawn  copper  wire, 
and  weighs  about  7%  less  than  copper  wire  of  the  same  size 
and  length.  Its  tensile  strength  at  the  elastic  limit  varies  with 
the  size  of  the  wire  from  about  70%  to  150%  greater  than  that 
of  the  same  size  copper  wire,  the  smaller  value  being  for  No. 
0000  B.  &  S.  gauge  wire  and  the  larger  value  for  No.  20.  The 
breaking  strength  also  varies  with  the  size  of  the  wire  from 
about  14%  to  65%  greater  than  that  of  the  same  size  copper 
wire.  Thus  where  copper  wire  of  more  than  the  required  con- 
ductivity must  be  used  to  obtain  suflScient  strength,  a  smaller 
copper-clad  steel  wire  may  often  be  substituted,  and  both  a 
considerable  saving  in  cost  effected  and  a  greater  strength 
obtained. 


COPPER  AND  CX>PPEK-CIiAI)   STEEL  WIRE   COMPARED* 


m  o 


0000 

000 

00 

0 

1 

2 
3 
4 
5 
6 

7 

8 

9 

10 

11 

12 
13 
14 
15 
16 

17 
18 
19 
20 


Weight  in  lbs. 
per  1,000  ft. 


Copper- 
Clad 


594.5 
471.4 
373.9 
296.6 
235.1 

186.4 

147.8 

117.3 
92.92 
73.73 

58.50 
46.39 
36.77 
29.17 
23.11 

18.34 
14.56 
11.54 
9.160 
7.250 

5.765 
4.562 
3.621 
2.877 


Copper 


639.8 
507.3 
402.4 
319.2 
253.0 

200.6 
159.1 
126.2 
100.0 
79.^ 

62.96 
49.92 
39.57 
31.39 
24.87 

19.74 
15.67 
12.42 
9.858 
7.802 

6.204 
4.910 
3.897 
3.096 


Av.  Resistance 

Ohms  per 
1.000  ft.  at  60"  F. 


Copper- 
Clad 


.1202 
.1516 
.1912 
.2408 
.3040 

.3835 
.4832 
.6095 
.7688 
.9690 

1.221 
1.540 
1.944 
2.449 
3.092 

3.898 
4.908 
6.190 
7.802 
9.855 

12.39 
15.66 
19.74 
24.83 


Copper 


.04906 
.06189 
.07803 
.09831 
.1241 

.1565 
.1972 
.2488 
.3138 
.3955 

.4986 
.6288 
.7934 
.9996 
1.262 

1.591 
2.003 
2.527 
8.185 
4.022 

5.059 
6.392 
8.057 
10.14 


Approximate 

l<:iastlc 

Limit 

Cop- 
per- 

Cop- 

Clad 
8523. 

per 

4986. 

6660. 

3498. 

5922. 

3135. 

4707. 

2735. 

4104. 

2248. 

3240. 

1876. 

2970. 

1488. 

2340. 

1180. 

1980. 

936. 

1530. 

742. 

1305. 

588. 

1035. 

467. 

855. 

370. 

684. 

293. 

558. 

1 

234. 

approximate 
Breaking 
Weight 


Cop- 
per- 
Clad 


2200. 
1700. 

1450. 
1150. 

950. 

760. 

620. 


Cop- 
per 


9470.  I  8310. 
7400.  6580. 
6580.  5226. 
5230.  I  4558. 
4560.  :  3746. 

3600.  :  3127. 
3300.  1  2480. 
2600.  1967. 


441. 

184. 

490. 

351. 

1  146. 

390. 

288. 

116. 

320. 

225. 

91. 

250. 

180. 

80. 

200. 

149. 

56. 

165. 

117. 

46. 

130. 

90. 

37. 

100. 

72. 

29. 

80. 

1559. 
1237. 

980. 
778. 
617. 
489. 
388. 

307. 
244. 
193. 
153. 
133. 

97. 
77. 
61. 
48. 


*Duplez  Metals  Co. 
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WntB   GAUGES 
In  Decimal  Parts  of  an  Inch 


Number  of 

Brown  & 

Birmlnerham 

RoebllnfiT  or 

English 

Wire  Gauge 

Sharpe 

or  Stubs 

Washburn 

Legral 

B.  &  S.  6. 

B.  W.  G. 

&  Moens. 

Standard 

6—0 



«  •  ■  • 

.460 

.464 

6--0 

• « •  •  • 

■  •  •  • 

.430 

.432 

4—0 

.4600 

.454 

.393 

.400 

3—0 

.4096 

.425 

.362 

.372 

2—0 

.3648 

.380 

.331 

.348 

0 

.3249 

.340 

.307 

.324 

1 

.2893 

.300 

.283 

.300 

2 

.2576 

.284 

.263 

.276 

3 

.2294 

.259 

.244 

.252 

4 

.2043 

.238 

.225 

.232 

5 

.  1819 

.220 

.207 

.212 

6 

.1620 

.203 

.192 

.192 

7 

.1443 

.180 

.177 

.176 

8 

.1285 

.165 

.162 

.160 

9 

.1144 

.148 

.148 

.144 

10 

.1019 

.134 

.135 

.128 

11 

.09074 

.120 

.120 

.116 

12 

.08081 

.109 

.105 

.104 

13 

.07196 

.095 

.092 

.092 

14 

.06408 

.083 

.080 

.080 

15 

.05706 

.072 

.072 

.072 

16 

.05082 

.065 

.063 

.064 

17 

.04525 

.058 

.054 

.056 

18 

. 04030 

.049 

.047 

.048 

19 

.03589 

.042 

.041 

.040 

20 

.03196 

.035 

.035 

.036 

21 

.02846 

.032 

.032 

.032 

22 

.02534 

.028 

.028 

.028 

23 

.02257 

.026 

.025 

.024 

24 

.02010 

.022 

.023 

.022 

25 

.01790 

.020 

.020 

.020 

26 

.01594 

.018 

.018 

.018 

27 

.01419 

.016 

.017 

.0164 

28 

.01264 

.014 

.016 

.0148 

29 

.01125 

.013 

.015 

.0136 

30 

.01002 

.012 

.014 

.0124 

31 

.00893 

.010 

.0135 

.0116 

32 

.00795 

.009 

.0130 

.0108 

33 

.00708 

.008 

.0110 

.0100 

34 

. 00630 

.007 

.0100 

.0092 

35 

.00561 

.005 

.0095 

.0084 

36 

.00500 

.004 

.0090 

.0076 

37 

.00445 

•  •  •  • 

.0085 

.0068 

38 

.00397 

«  •  •  • 

.0080 

.0060 

39 

.00353 

•  •  •  « 

.0075 

.0052 

40 

.00314 

■  •  •  ■ 

.0070 

.0048 

12 
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METALS  AND  ALLOTS  WITH  A  COMPABATIVELT 

HIOH  SPECIFIC  RESISTANCE 

20.  Metals  and  alloys  belonging  to  this  class  are  used  princi- 
pally for  the  purpose  of  absorbing  electrical  energy.  There- 
fore the  specific  resistance  must  be  comparatively  high  and  the 
temperature  coeflScient  generally  small,  so  that  the  resistance 
will  not  change  too  much  with  the  temperature. 

21.  Of  the  pure  metals  iron  is  the  only  one  that  is  used  to 
any  extent  for  work  of  this  kind  and,  on  account  of  its  large 
temperature  coeflScient,  its  use  must  be  confined  to  purposes 
where  the  change  in  the  value  of  its  resistance  does  not  matter. 
The  use  of  the  other  pure  metals  with  a  suflSciently  high  specific 
resistance,  such  as  nickel  and  platinum,  is  not  practical  on  ac- 
count of  reasons  such  as  the  diflSculty  in  working  them,  high 
cost,  etc. 

22.  Many  of  the  alloys  possess  a  high  specific  resistance  and 
a  very  small  temperature  coeflScient,  some  of  those  having  the 
highest  specific  resistance  also  having  the  lowest  temperature 
coeflScient.  Those  which  are  most  used  are  german-silver,  plaii" 
7wid,  7iickel'Silver,  nickel-copper ^  and  similiar  alloys  which  are 
known  by  trade  names.  Other  alloys,  of  which  manganine  is 
an  example,  are  used  principally  for  standard  resistances,  on 
account  of  their  permanence  and  extremely  low  temperature 
coeflScients. 

RESISTANCE    WIRES 


ALLOT 


Approx.  Ohms 

per  Mil-ft. 

at  70''  F. 


Platinum  Silver 

Patent-Nickel 

Platinoid 

18%  German  Silver  .... 
Driver-Harris  Co.'s  Manganine 
Baker  A  Co.'b  lala,  hard  .    . 
"       "      "        "      soft   .     . 

Krupp's  metal 

Driver-Harris  Co.'b  Manganin 

"Climax" 


« 


(• 


« 


« 


« 


«« 


« 


"Advance" 
"L-T-E"  . 
"Monel" . 
"Ferro-Nickel" 


191 
206 
195 
217 
249 
301 
282 
510 
575 
525 
294 
360 
256 
170 


Apptox.  Temp. 

Coef. 

per  deg.  F. 

.000135 
.000105 

.00017 
.00001 
—.000006 
.000003 
.000393 
.00024 
.0003 

.00001 

.0011 

.00115 
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THE  PROCESS  OF  MAKING  WIRE 

23.  Iron  or  steel,  which  is  ultimately  to  be  drawn  into  wire, 
is  first  cast  in  the  form  of  large  ingots.  These  are  then  rolled 
and  cut  to  size  in  the  rolling-mill,  forming  what  are  termed 
wire-barsy  measuring  about  4  in.  square  and  on  the  average 
about  3  ft.  long.  The  material  is  sent  in  this  form  to  the  rod 
roUing-miU.  Copper  and  bronze  are  cast  directly  into  ingots 
of  the  required  size  for  wire-bars,  and  are  not  subjected  to  any 
preliminary  rolling  or  other  operations,  such  as  are  performed 
on  iron  and  steel. 

24.  In  the  rod  rolling-mill  the  wire-bars  are  reduced  to  wire- 
rods,  and  thus  prepared  for  the  operations  of  wire-drawing. 
Th€  first  of  the  operations  in  the  rod  roUing-mill  is  to  heat  the 
wire-bars  in  reverberatory  furnaces  to  the  proper  malleable 
temperature.  This,  in  the  case  of  iron  and  steel  corresponds 
to  the  welding  temperature,  so  that  many  of  the  flaws  and  im- 
perfections are  united  and  healed  in  the  subsequent  operations. 
After  the  bars  have  reached  the  proper  temperature  they  are 
passed  through  a  series  of  rolls,  known  as  a  wire-rod  rolling 
train,  which  successively  decrease  the  area  of  cross-section  and 
increase  the  length.  In  addition  the  grooves  in  the  rolls  are 
so  shaped  that  the  metal  is  thoroughly  forged.  In  this  series 
of  operations  the  wire-bar  is  reduced  to  a  cylindrical  rod  in 
the  neighborhood  of  ^  in.  in  diameter,  which  is  known  as  a 
unre-rod.  This  rod,  which  is  of  considerable  length,  is  coiled 
on  a  drum  and  after  removal  from  the  drum  is  ready  for  the 
drawing  operations. 

25.  Wire-rod  from  the  rod  rolling-mill  is  covered  with  a 
thick  coating  of  scale,  black  oxide  of  iron  or  copper,  which 
forms  as  a  result  of  the  heated  rod  being  exposed  to  the  air 
during  the  operations  of  rolling.  The  rod  is  also  of  uneven 
hardness  or  temper. 

26.  It  is  necessary,  before  the  operations  of  wire-dra^^nng 
are  commenced,  that  the  rod  be  uniformly  soft  and  that  the 
scale  be  removed.     The  first  operation,  therefore,  previous  to 
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drawing,  is  to  aoueal  the  rod.  For  this  purpose  the  coils  are 
placed  in  iron  pots,  heated  to  a  dull  red,  and  allowed  to  cool 
slowly.  Following  this  the  rod  is  cleaned  or  pickled  to  remove 
the  scale.  This  is  done  in  a  hot  bath  of  water  and  sulphuric 
acid,  containing  10%  of  aeid.  When  the  scale  is  removed  the 
rod  is  taken  from  the  pickling  bath  and  washed  with  water. 
Copper  rod  requires  no  further  treatment  as  the  air  has  com- 
paratively little  action  on  it.  Iron  and  steel  rods,  however,  re- 
quire a  protective  coating  to  keep  them  from  rusting.  They 
are  therefore  placed  in  a  bath  of  lime  water  which  neutralizes 
the  last  traces  of  acid  and  prevents  farther  oxidation. 

27.  Although  copper  is  not  affected  by  the  pickling,  iron 
and  steel  are  rendered  brittle,  which  is  explained  as  due  to 
the  absorption  of  hydrt^n  during  the  process.  They  are  re- 
stored to  their  former  condition,  however,  by  a  baking  process 
at  a  temperature  of  250  deg.  F. 

28.  After  having  passed  throi^b  the  foregoing  processes 
the  wire-bars  are  ready  for  the  operations  of  wire-drawing, 
which  consists  in  pulling  the  wire  through  a  drawplate. 

29.  For  the  larger  sizes  of  wire  the  drawplate  is  a  block  of 
chilled  iron  from  IJ  to  2  in.  thick.  Thi^  is  provided  with  a 
number   of  holes   which   are  shaped   as   shown   in   the  section 

Fig.  2,  The  holes  arc  grath'd  in  size  from  slightly 
smaller  than  the  wire-rod  to  the  size  of  the  smallest 
wire  that  can  be  economically  drawn  through  a 
plate  of  this  kind;  i.  p..  alunit  -^  in.  in  diameter. 
For  the  smaller  sizes  of  wire  the  drawplate  is  made 
of  steel  instead  of  chilled  iron. 

30.  In  the  prot-ess  of  drawing  the  wire  is  pulled 
'"'*■  '  through  the  different  hoire,  starting  with  th<'  largest 
one  and  each  time  taking  the  next  smaller  size.  The  power  re- 
quired is  furnished  by  means  of  a  horizontal  revolving  drum, 
on  which  the  wire  winds  after  it  has  passed  through  the 
drawplate. 
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31.  A  lubricant  is  applied  to  the  wire  just  before  it  passes 
through  the  drawplate,  to  reduce  the  friction  and  the  rate  at 
which  the  plate  wears  out.  For  this  purpose  different  materials 
are  used  for  different  kinds  and  sizes  of  wire.  Thus  dry  flour  is 
found  to  be  the  best  lubricant  for  heavy,  iron,  lime-coated  wire, 
while  soft  petroleum  grease  and  soft  sofip  are  used  for  copper 
wires. 

32.  For  producing  the  smaller  sizes  of  wire,  wire-drawing 
machines  are  used.  These  pull  the  wire  through  several  draw- 
plates  successively,  drums  being  provided  between  the  plates 
to  furnish  the  power. 

33.  The  process  of  drawing  metal  into  wire  has  a  consider- 
able effect  on  the  physical  characteristics  of  the  metal,  the 
outer  surface  seeming  to  be  formed  into  a  sort  of  skin  and 
the  metal  to  be  strengthened.  Thus  copper  bars  having  a 
tensile  strength  of  30,000  to  40,000  lbs.  per  sq.  in.,  when  drawn 
into  wire  show  a  strength  of  from  50,000  to  60,000  lbs.  per  sq.  in. 


QALVANIZINa 

34.  Copper  wire,  when  it  is  to  be  simply  exposed  to  the 
ordinary  action  of  the  atmosphere  and  is  not  provided  with  an 
insulating  covering,  needs  no  protection,  as  the  moisture  and 
air  have  practically  no  action  upon  it.  Iron  and  steel  wire, 
however,  must  be  protected  from  moisture  and  air,  and  the 
most  efficient  coating  that  has  yet  been  used  is  a  layer  of  zinc. 
The  process  of  applying  the  zinc  is  termed  galvanizing,  and 
\\nre  protected  in  this  way  is  known  as  galvanized  tvire.  Gal- 
vanizing is  performed  by  the  hot  process  as  follows: 

36.  In  order  that  the  zinc  may  adhere  firmly  it  is  necessary 
that  the  surface  of  the  iron  or  steel  be  free  from  scale.  Therefore 
hard  drawn  wires,  as  they  come  from  the  drawplate,  are  ready 
for  the  process,  since  they  are  clean  and  bright.  Annealed 
wires,  however,  must  go  through  a  cleaning  process  before  they 
can  be  galvanized. 
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36.  The  process  of  galvanizing  consists  in  passing  the  wires 
first  through  a  bath  of  flux,  consisting  of  a  solution  of  chloride 
of  zinc  which  contains  a  small  percentage  of  pure  hydro-chloric 
acid,  and  then  through  a  bath  of  molten  zine.  As  the  wires 
leave  the  zinc  bath  they  pass  through  a  bank  of  sand  which 
removes  the  larger  drops.  After  this  they  pass  through  the 
air  until  cooled  sufficiently  to  be  wound  onto  drums. 

37.  Wire  galvanized  in  this  way  is  known  as  galvanized  wire, 
and  is  suitable  for  short  telegraph  lines,  supporting  wires,  guy 
wires,  etc.  The  weight  of  the  zinc  coating  is  from  5%  to  7% 
of  the  original  weight  of  the  wire.  As  the  wire  to  be  galvan- 
ized is  customarily  drawn  slightly  smaller  than  standard  size, 
the  finished  wire  differs  very  little  in  diameter  and  weight  from 
bare  iron  or  steel  wire  of  the  same  gauge  number. 

38.  The  term  double  galvanized  wire  is  applied  to  such  wire 
as  has  been  given  a  coat  of  pure  zinc  as  heavy  as  it  possible  to 
make  it,  thus  producing  a  wire  having  a  maximum  life  when 
exposed  to  the  elements.  The  thickness  of  zinc  is  not  absolutely 
uniform,  varying  from  .003  in.  to  .005  in.  in  total  thickness, 
one  half  of  this  being  on  each  side  of  the  wire. 

39.  Wire  that  is  to  be  subjected  to  any  weaving  process  re- 
quires a  more  flexible  and  consequently  thinner  coating  of  zinc. 
Therefore  as  it  leaves  the  tank  of  molten  zinc  it  is  passed  be- 
tween  asbestos  wipers,  which  remove  as  much  of  the  metal  as 
possible,  after  which  it  is  immediately  cooled  in  a  tank  of  water. 
The  surface  of  wire  treated  in  this  way  is  as  smooth  as  before 
galvanizing,  but  the  coating,  the  weight  of  which  is  only  about 
2%  of  the  original  weight  of  the  wire,  affords  only  a  slight 
protection.  Consequently  such  wire  is  not  suitable  to  be  ex- 
posed to  the  action  of  air  and  moisture. 

40.  The  standard  test  to  determine  the  quality  of  the  zinc 
coating  is  made  as  follows: 

The  wiVe  is  immersed  for  one  minute  in  a  saturated  solution 
of  sulphate  of  copper  and  then  removed  and  wiped  dry,  this 
operation  being  repeated  four  times.     If  the  coating  is  of  suf- 
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ficient  thickness  and  uniformity,  no  change  will  be  noticed 
other  than  a  slight  blackening  of  the  surface  of  the  zinc.  If 
the  coating  is  thin  or  defective,  copper  is  immediately  deposited 
upon  the  exposed  iron,  as  is  made  evident  by  the  red  color  which 
appears.  Excessive  thickness  may  be  detected  by  the  breaks 
in  the  zinc  coating  when  the  wire  is  wound  around  its  own 
diameter. 


TINNINQ 

41.  Copper  wire  that  is  to  be  provided  with  a  vulcanized 
rubber  insulating  covering  is  generally  tinned  to  prevent  the 
sulphur  in  the  rubber  from  acting  upon  the  metal.  The  process 
of  tinning  copper  wire  is  similar  to  that  of  galvanizing  iron 
and  steel  wire.  The  first  step  is  to  thoroughly  clean  all  oxides 
and  foreign  matter  from  the  surface  of  the  wire,  after  which 
it  is  carried  through  one  or  two  baths  of  tin  maintained  just 
above  its  melting  point.  This  low  temperature  is  necessary  in 
order  to  avoid*  annealing  the  wire  when  it  is  hard-drawn.  The 
thickness  of  coating  is  determined  by  the  length  of  time  during 
which  the  wire  remains  in  the  bath,  and  whether  or  not  it  is 
wiped  upon  leaving  the  bath.  The  surface  of  the  molten  tin 
is  usually  protected  from  oxidation  by  a  layer  of  palm  oil  or 
low  melting  paint  flux.  When  a  very  heavy  coat  of  tin  is  de- 
sired the  wire  is  frequently  drawn  from  the  bath  without  wiping 
and  raised  for  a  short  distance  perpendicularly  in  order  to  allow 
the  surplus  tin  to  drain  off. 

The  important  qualities  of  the  completed  wire  are  that  the 
coat  shall  thoroughly  cover  every  portion  and  be  as  heavily 
applied  as  is  consistent  with  securing  a  smooth,  uniform  surface. 


CABLES 

42.  When  the  diameter  of  a  solid  copper  wire  exceeds  0.46 
in.,  or  No.  0000  B.  &  S.  gauge,  it  is  only  practical  to  make  it 
in  comparatively  short  lengths ;  i.  e.,  less  than  about  300  ft., 
the  length  decreasing  as  the  diameter  is  increased.    On  account 
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of  this  fact  many  joints  would  be  required  in  a  line  using  large 
iiize  solid  wires  as  conductors,  which  would  add  considerably 
to  the  expense  of  installation.  In  addition  large  solid  wire  is 
difficult  to  handle,  and  to  straighten  after  it  is  once  bent. 

43.  To  overcome  these  dif- 
ficulties lai^  conductors  are 
generally  built  up  in  the  form 
of  cables  from  smaller  wires. 
The  type  of  cable  which  is 
fik.  3  in    general     use    is    called    a 

straod  or  concentric  Btrand,  Fig.  3.     It  consists  of  a  central 
core  of  either  one  straight  wire,  or  two,  three,  or  four  wires 
twisted    together,*    around    which    are 
placed    one    or    more    layers    of    wires  j 
twisted  spirally,  each  layer  being  twisted  1 
in   the  opposite  direction   to  the   layer  I 
directly  beneath  it.    For  great  flexibility 
either  a  great  number  of  small  wires  may  "^^  ■* 

be  tispd.  or  a  number  of  strands  may  be  twisted  t<^ether  to 
form  a  rope,  Pig.  4.  Cables  made  by  the  latter  method  are 
said  to  be  rope-laid. 

44.  The  diameter  of  a  strand  or  «(able  may  be  computed  by 
using  the  formula 

D  =  d  (l  +  2n), 

in  which  d  represents  the  diameter  of  each  wire  or  strand  and 
n  the  number  of  layers,  not  counting  the  core. 

The  area  of  a  finished  strand  or  cable  is  equal  to  the  area 
of  cross-section  of  one  of  the  wires,  multiplied  by  the  number 
of  wires  in  the  strand  or  cable. 
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WIRES   IN   CONCENTRIC   STRANDS 


er  of 

er 

Core 

Core  of 
One  Wire 

Core  of 
Two  Wires 

Core  of 
Three  Wires 

Core  of 
Four  Wires 

§■35 

Wires 

per 
Layer 

Total 
Wires 

Wires 

per 
Layer 

Total 
Wires 

Wires 

per 
Layer 

9 
15 
21 

27 
33 
39 

Total 
Wires 

Wires 

per 
Layer 

Total 
Wires 

Ist 

2iid 

3rd 

4th 
5th 
6th 

6 
12 
18 

24 
30 
36 

7 
19 
37 

61 

91 

127 

8 
14 
20 

26 
32 
38 

10 
24 
44 

70 
102 
140 

12 
27 

48 

75 
108 
147 

10 
16 
22 

28 
34 
40 

14 
30 
52 

80 
114 
154 

Cables  having  more  than  one  wire  in  the  core  are  seldom 
used. 


WIR£S    m    ROP£-LAn>    GABI4ES 


Number  of 

Layers 
over  Core 


1 
2 
3 

4 
5 
6 


Total 

Number  of 

Strands 


7 
19 
37 


Total  Number  of  Wires 


7  Wires  per        19  Wires  per 
Strand  Strand 


61 

91 

127 


49 
133 
259 

427 
637 

889 


133 
361 
703 

1159 
1729 
2413 


37  Wires  per 
Strand 


259 

703 

1369 


2257 
3367 
4699 
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DIMENSIONS     AND     WEIGHT^     OF     STRANDS     AND     GABLES* 

Ck>pper  and  Ainmitmiw 


Size 

Number  of 

Diameter  of 
Individual 

Diameter  of 

Approx. 
Weight  of 

Approx. 
Weight  of 

B.  &  S.  G. 

Wires 

Bare  Cables 

Copper 

Aluminum 

and  C.  M. 

in  Strand 

Wires 
in  Inches 

In  Indies 

per  1,000  ft 
in  lbs. 

per  1.000  ft. 
in  lbs. 

B.  A  S.  6. 

14 

7 

0.0243 

0.0729 

13 

3.87 

12 

7 

0.0306 

0.0918 

20 

5.95 

10 

7 

0.0386 

0.1158 

32 

9.54 

8 

i 

0.0485 

0.1455 

51 

15.2 

6 

7 

0.0613 

0.1839 

81 

24.1 

5 

7 

0.0688 

0.2064 

101 

30.2 

4 

7 

0.0773 

0.2319 

128 

38.5 

3 

7 

0.0867 

0.2604 

161 

48.5 

2 

7 

0.0974 

0.2922 

203 

61 

1 

19 

0.0664 

0.3320 

256 

77 

0 

19 

0.0745 

0.3750 

323 

97 

00 

19 

0.0837 

0.4190 

408 

123 

000 

19 

0.094 

0.4700 

514 

156 

0000 

19 

0.1055 

0.5280 

647 

195 

250,000 

37 

0.0822 

0.5754 

765 

239 

300,000 

37 

0.0906 

0.6342 

919 

276 

350,000 

37 

0.0974 

0.6818 

1070 

322 

400,000 

37 

0.104 

0.7280 

1220 

368 

450,000 

37 

0.111 

0.7770 

1380 

414 

500,000 

61 

0.0906 

0.8154 

1530 

460 

550,000 

61 

0.095 

0.8550 

1680 

506 

600.000 

61 

0.0992 

0.8928 

1840 

552 

650,000 

61 

0.1033 

0.9297 

1990 

597 

700,000 

61 

0.1072 

0.9648 

2140 

643 

750,000 

61 

0.1109 

0.9990 

2300 

690 

800.000 

61 

0.1146 

1.031 

2450 

735 

900.000 

61 

0.1216 

1.094 

2750 

834 

1,000,000 

61 

0.1281 

1.153 

3060 

920 

1,000.000 

91 

0.1048 

1.153 

3030 

924 

1,250,000 

91 

0.1173 

1.290 

3830 

1150 

1,500,000 

91 

0.1284 

1.412 

4590 

1380 

1,750,000 

127 

0.1174 

1.526 

5360 

1610 

2,000.000 

127 

0.1255 

1.631 

6120 

1840 

2,000,000** 

133 

0.1226 

.  1.84 

6220 

1850 

•Del  Mar's  EUctric  Pow§r  Conductors. 
••Rope-laid. 
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WEIGH 

TS  AND  KESI 

STANOEt 

J  OF  8^ 

FRANDS 

1 

( 

COPPER 

A  L  U  M  I  N  U  M 

Size 

Diam. 
Mils 

B.  &  S.  O. 
and  C.  M. 

!  Weight 
Lbs.  per 

Feet  per 

Ohms  per 
1,000  ft. 

Pounds 
per 

Feet 
per 

Ohms 
per 

1,000  ft. 

Pound. 
.328 

ateS**  F. 

1,000  ft. 

Pound 

r " 

1.087 

1,000  ft. 

1.000,000 

1152 

3050 

.010353 

920 

i  .01695 

950.000 

1125 

289S 

.345 

.010900 

874 

1.144 

I  .01784 

900.000 

1092 

2745 

.364 

.01150 

828 

1.208 

.01883 

850,000 

1062 

2593 

.385 

.01218 

782 

1.279 

.01994 

800,000 

1035 

2440 

.409 

.01294 

736 

1.359 

.02119 

750.000 

999 

2288 

.437 

.01380 

690 

1.449 

.02260 

700.000 

963 

2135 

.468 

.01479 

644 

1.553 

.02421 

650,000 

927 

1983 

.504 

.01593 

598 

1.672 

.02608 

600.000 

891 

1830 

.546 

.01725 

552 

1.812 

.02825 

550.000 

855 

1678 

.596 

,01882 

506 

1.977 

.03082 

500.000 

819 

1525 

.655 

.02070 

460 

2.041 

.03300 

450.000 

770 

1373 

.728 

.02300 

414 

2.415 

.03766 

400,000 

728 

1220 

.819 

.02588 

368 

2.718 

.04237 

350,000 

679 

1068 

.936 

.02958 

322 

3.106 

.04843 

300,000 

630 

915 

1.093 

.03451 

276 

3.623 

.05652 

250.000 

590 

762 

1.312 

.04141 

230 

4.348 

.06780 

0000 

530 

645 

1.550 

.04893 

194.7 

5.733 

.08010 

•    000 

470 

513 

1.949 

.06170 

154.4 

6.477 

.10100 

00 

420 

406 

2.463 

.07780 

122.4 

8.165 

.12740 

0 

375 

322 

3.106 

1 

.09811 

97.1 

10.300 

.16050 

1 

330 

255 

3.941 

.12370 

77.0 

12.990 

.20250 

i 

291 

203 

4.926 

.15600 

61.0 

16.400 

.25540 

3 

261 

160 

6.250  , 

.19670 

48.5 

20.620 

.32200 

4 

231 

127 

7.874 

.2480 

38.5 

25.970 

.40600 

Note — This  table  is  calculated  for  untwisted  strands;  if  the  strand 
is  twisted  the  cross-section  of  the  copper  at  right  angles  to  the  length 
of  the  strand,  the  weight  per  unit  length,  and  the  resistance  per  unit 
length  will  each  Increase  from  1%  to  3%,  and  the  length  per  unit 
weight  will  decrease  from  1%  to  3%,  depending  on  the  number  of 
twists  per  unit  length  and  the  number  of  wires  in  the  strand. 


46.  Flexible  or  Stranded  Wire:  Small  wires  which  must 
be  very  flexible,  for  example  the  wire  in  ordinar>'^  J  amp  cord, 
are  composed  ^f  a  number  of  fine  wires.  These  are  often  merely 
laid  or  bunched  together,  but  frequently  they  are  twisted  so 
as  to  form  a  strand. 

Flexible  wires  are  usually  built  up  of  w-ires  of  such  a  size 
that  the  cross-section  of  their  metal  is  the  same  as  the  cross- 
section  of  a  solid  wire  having  the  same  gauge  number. 
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INSULATION 

■ 

46.  Conductors  used  for  transmitting  electrical  energy  must 
generally  be  insulated  from  each  other  and  from  the  earth  in 
some  manner,  with  the  following  exceptions.  For  very  low 
voltages,  i.  e.,  up  to  15  volts,  it  is  generally  sufficient,  even  for 
interior  work,  to  use  bare  wires  supported  on  blocks  or  knobs 
of  insulating  material,  provided  proper  precautions  are  taken 
to  prevent  accidental  short-circuits.  Bare  wire  may  be  used 
on  out  door  pole  lines,  reliance  being  placed  on  the  insulating 
supports  and  the  air  to  prevent  leakage.  This  is  not  true,  of 
course,  for  closely  settled  districts  and  where  there  are  many 
wires,  an  insulating  covering  being  required  under  such  con- 
ditions, for  public  safety  and  to  prevent  crosses  and  short- 
circuits. 

47.  Magnet  Wire:  The  simplest  form  of  insulating  covering, 
which  is  generally  used  on  wire  employed  in  the  construction 
of  magnetic  devices,  is  applied  by  winding  the  wire  with  one 
or  more  laj^ers  of  cotton  or  silk  yarn.*  The  yarn  serves  as  a 
means  of  keeping  the  wires  uniformly  separated  from  each 
other,  or  from  other  parts,  the  insulation  being  obtained  by 
reason  of  the  insulating  properties  of  the  yam  itself  when 
dry,  and  of  the  air  contained  in  the  pores  of  the  covering. 

48.  Tlie  yarn  listed  for  this  purpose  is  fine  and  uniform  in 
size,  but  is  rather  loosely  twisted,  allowing  it  to  cover  the  wire 
more  effectively.  It  is  wound  on  the  wire  by  machines,  which 
apply  it  uniformly  both  a*s  to  tension  and  pitch.  When  a 
greater  thickness  of  insulation,  than  that  afforded  by  one  layer, 
is  desired,  or  for  the  purpose  of  securing  a  more  continuous  or 
stronger  covering,  two  or  more  layers  of  yarn,  wound  to  form 
opposite  spirals,  are  used.  When  a  single  layer  is  employed 
the  wire  is  said  to  be  single  covered,  and  when  two  layers  are 
used,  double  covered. 

49.  For  a  great  many  puri)oses  magnet  wire  is  satisfactorily 
insulated  and  needs  no  other  treattiient.     Where  the  difference 


*See  MaKiietlHm  and  Electricity. 
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of  potential  between  adjacent  wires  is  considerable,  however, 
or  for  mechanical  reasons,  it  is  generally  considered  necessary 
to  saturate  the  covering  with  an  insulating  material,  such  as 
shellac  or  asphaltum  yamish,  or  to  impregnate  it  with  an 
insulating  compound.  The  purpose  of  the  extra  insulating 
material  is  to  prevent  the  yarn  from  absorbing  moisture,  and 
its  value  depends  upon  its  ability  to  accomplish  this  result. 

60.  In  some  cases  the  insulating  covering  of  magnet  wire 
may  be  required  to  stand  considerable  heat,  such  as  might 
result  from  the  larger  current  caused  to  flow  by  a  short-circuit. 
Under  such  conditions  silk  and  cotton  would  char,  becoming 
useless  for  insulating  purposes.  Asbestos,  however,  may  be 
subjected  to  comparatively  high  temperatures  without  injuring 
its  insulating  properties,  and  hence  is  valuable  in  such  cases. 
One  method  of  insulating  magnet  wire  with  asbestos  is  to  first 
wTap  the  wire  with  asbestos  tape,  over  which  is  placed  one  or 
more  windings  of  cotton  yarn.  Another  method  is  to  cover 
the  wire  with  asbestos  and  saturate  the  asbestos  with  a  com- 
pound, to  prevent  it  from  absorbing  moisture  and  aid  in  hold- 
ing it  in  place. 

61.  Magnet  wire  is  used  principally  in  the  construction  of 
coils  for  instruments  used  in  signaling,  telephoning,  telegraph- 
ing, etc.,  and  in  the  construction  of  coils  for  electrical  machinery. 

62.  En<imeled  Wire.*  Cotton,  silk,  or  asbestos  insulation 
on  magnet  wire  occupies  considerable  space  compared  to  that 
required  by  the  wire  itself,  particularly  in  the  finer  sizes. 

A  form  of  insulated  magnet  wire,  known  as  enameled  wire, 
has  been  developed,  in  which  the  conductor  is  coated  with  an 
elastic  insulating  enamel. 

On  account  of  the  insulating  qualities  of  the  enamel,  only  a 
fraction  of  the  thickness  required  for  cotton  or  silk  is  needed, 
so  that  for  a  given  number  of  turns  the  dimensions  and  weight 
of  a  coil  are  reduced,  the  saving  being  considerable  when  wires 
of  the  finer  sizes  are  employed.  This  is  shown  by  the  following 
table. 


•Information  by  the  Western  Electric  and  General  Electric  Comp.  nles. 
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WESTERN  EliEGTRIG  BLACK  ENAMEL  WIRE  COMPARED  WITH 
SILK  AND  COTTON  INSULATED  WIRES 


1 

Approximate  Feet 

t 

per  lb. 

Approximate  Turns 

per  sq.  In. 

B.  &  S.  G. 

No. 

Sinsrle 

Single 

Singrle 

Single 

Silk 

Cotton* 
763 

Enamel 

Silk 

Cotton* 

Enamel 

24 

799 

810 

2142 

1586 

2162 

25 

1010 

953 

1019 

2550 

1810 

2750 

26 

1263 

1201 

1286 

3086 

2356 

3460 

27 

1584 

1500 

1620 

4004 

2954 

4270 

28 

1988 

1860 

2042 

4626 

3340 

5406 

29 

2405 

2370 

2570 

5568 

3508 

6608 

30 

3148 

2860 

3240 

7060 

4626 

8264 

31 

3933 

3482 

4082 

8416 

5240 

10832 

32 

4913 

4234 

5132 

10000 

5482 

13428 

33 

6129 

5141 

6445 

12624 

6400 

16832 

34 

7646 

6317 

8093 

13060 

7440 

21002 

35 

9536 

7755 

10197 

18460 

9420 

26014 

36 

11889 

9511 

12813 

20234 

9802 

31822 

37 

14577 

11495 

16110 

23756 

11580 

43402 

38 

17648 

13446 

20274 

27320 

12280 

54082 

39 

21465 

15635 

25519 

33056 

13840 

69390 

40 

26558 

18376 

32107 

38446 

14520 

86504 

63.  The  enamel  is  not  affected  to  any  degree  by  moisture 
in  the  atmosphere,  being  superior  to  unimpregnated  cotton, 
silk,  or  asbestos  in  this  respect.  In  addition  it  will  stand  higher 
temperatures  than  either  cotton  or  silk,  although  much  inferior 
in  this  respect  to  asbestos.  On  account  of  the  thinness  of  enamel 
insulation  and  its  good  heat  conductivity,  coils  made  of  this  wire 
run  at  a  lower  temperature  than  coils  of  cotton  covered  wire 
under  the  same  conditions.  The  insulation  on  enameled  wire 
is  said  to  be  tough  enough  to  satisfactorily  withstand  the 
handling  and  abrasion,  incident  to  the  manufacture  of  insulated 
wire  into  apparatus.  The  wire  is  not  injured  by  clean  mineral 
oil,  but  turpentine,  alcohol,  animal  and  vegetable  oils,  and 
similar  substances  must  not  be  allowed  to  come  into  contact 
with  it. 


64.    Annunciator   wire,    which   is   used   for   wiring   electric 


^•N^lOO  Cotton. 
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bells,  azmunciators,  etc.,  consists  of  copper  wire  wound  with 
cotton  yarn  in  a  manner  similar  to  that  in  which  magnet  wire 
is  wound,  the  winding,  however,  being  saturated  with  para- 
ffine  or  some  special  insulating  compound.  It  is  generally 
double  wound  with  heayy  yam,  «uid  the  last  covering  finished 
so  that  the  wire  presents  a  smooth  even  appearance. 

66.  Office  wire,  which  is  used  for  interior  work,  such  as 
telephone  and  telegraph  wiring,  and  quite  extensively  for  con- 
necting other  electrical  instruments,  is  similar  to  annunciator 
wire.  The  covering,  however,  consists  either  of  two  braids 
of  cotton  yarn,  or  one  winding  over  which  is  placed  a  braid, 
the  whole  being  saturated  with  paraffinc  or  other  suitable  in- 
sulating material. 

66.  On  account  of  the  fact  that  paraffinc  absorbs  and  re- 
tains water,  insulating  coverings  in  which  it  is  used  are  suitable 
only  for  dry  places,  and  even  then  cannot  be  relied  upon  to 
maintain  a  high  degree  of  insulation. 

67.  Slow-burning  Wire:  The  insulation  of  this  wire,  Fig.  5, 
generally  consists  of  a  braided  covering  of  cotton  yam  in  one 


Plff.  5 

or  more  layers,  the  covering  being  saturated  with  a  fireproofing 
compound,  whose  solid  constituent  is  not  susceptible  to  moisture, 
and  which  will  not  buru  even  when  ground  in  an  oxidizable 
oil,  such  as  linseed  oil.  The  outside  of  the  covering  is  finished 
smooth  and  hard.  As  the  compound  does  not  completely  satu- 
rate the  braid,  the  insulating  qualities  of  the  covering  are  di- 
minished by  moisture,  and  it  is  incapable  of  withstanding  the 
effects  of  the  elements.  It  is  useful  itx  hot,  dry  places  where 
other  forms  of  insulation  would  deteriorate  rapidly,  and  also 
where  wires  are  bunched,  as  on  the  back  of  a  large  switch- 
board, in  which  place  the  accumulation  of  rubber  or  weather- 
proof insulations  might  result  in  an  objectionably  large  mass 
of  highly  inflammable  material. 
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58.  Weatherproof  Wire :  Asphaltum.  particularly  when  com- 
pounded with  sorie  of  the  softer  waxes,  snfh  as  ozoeerite,  and 
applied  in  a  molten  eondition.  is  capabti'  of  saturating  the 
braided  cotton  covering  platted  over  a  eonductor  much  more 
completely  than  the  fireproofing  compound  used  in  slow-burn- 
ing wire.  In  addition  the  material  itself  is  not  greatly  affected 
by  continuous  exposure  tn  moisture. 

69.  Insulation  of  this  class.  Fig.  6.  is  phiad  on  a  wire  by 
first  passing  the  wire  through  a  bath  of  moltcu  compound  and 


tllcn  immediately  braiding  upon  its  surface  oue  or  more  braids. 
After  these  have  been  saturated  in  the  bath  of  molten  eom- 
pound,  CHre  being  taken  to  thoroughly  dry  the  braid  previously. 
the  insulated  conductor  is  passed  through  a  niachiue  which 
rubs  the  compound  into  all  the  crevices  and  fnnns  a  cuntinnous, 
smoothly  polished  surfH<-e.  This  smooth  surface  tends  to  pre- 
vent an  accumulation  of  dirt,  sleet,  and  snow  when  the  wire 
is  expos<'d  to  these  conditions.  By  varying  the  method,  so  that 
each  braid  is  saturated  separately,  and  thi'  conductor  ]>assed 
through  the  bath  of  compound  between  each  braiding  operation, 
a  better  grade  of  covering  is  produced.  This  is  due  to  the  fact 
that  the  finished  covering  depends  for  its  insulation  on  the 
compound  rather  than  upon  the  braid,  which  is  intended  merely 
to  furnish  a  meehanicnt  support  for  the  comp(mnd. 

60.  Wire  insulated  in  this  manner  is  intended  for  outdoor 
use  where  moisture  is  certain  and  fireproof  qualities  are  not 
necessary.     It  is  also  used  to  some  extent  for  interior  wiring. 
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3910 
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61.    Slow-burning  Weatherproof  Wire:     The  insulation  of 
wiro  of  this  class,  Fi(t.  7,  {■oiisists  of  &  layer  of  the  siow-buruing 
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insulation  placed  either  over  or  under  a  layer  of  the  weather- 
proof insulation,  the  outside  of  the  wire  being  finished  smooth. 
The  insolation  of  this  wire  does  not  bum  as  easily  as  the 
weatherproof  insulation  and  it  does  not  Bofteu  as  readily  when 
heated.    It  is  not  suitable  for  outside  work. 

62.  Rubber  Covered  Wire:  The  insulation  of  this  wire  is 
one  of  the  most  important  on  account  of  the  fact  that  it  is 
practically  not  affected  by  moisture.     It  generally  consists  of 


a  layer  of  some  rubber  compound.  Fig.  8.  protected  by  a  braid 
of  cotton  yam.  which  is  saturated  with  a  preservative  compound 
similar  to  that  used  for  weatherproof  wire. 

63.  Rubber  in  its  cmde  form  is  obtained  from  various  plants 
that  grow  in  the  warmer  countries,  such  as  Brazil.  Peru,  etc. 
It  is  collected  by  making  incisions  in  the  rubber  producing 
plants,  and  coagulating  the  ,iuice  obtained  in  this  manner  by 
any  one  of  several  methods.  Thus  the  rubber  that  comes  from 
Brazil  is  coagulated  by  means  of  the  hot  smoke  produced  by 
burning  oily  nuts,  while  that  from  Peru  is  coagulated  by  means 
of  an  acid  plant  juice. 

64.  Crude  rubber  is  of  various  qualities,  on  accoxint  of  dif- 
ferences in  the  plants  producing  it  and  also  in  the  methods 
of  gathering  and  coagulating  the  juice.  The  variation  in  the 
quality  is  due  to  varying  proportions  of  the  two  constituents 
that  go  to  make  up  crude  mbber.  One  of  these  is  a  dry,  fibrous, 
elastic  material,  not  readily  soluble  in  benzole,  while  the  other 
is  a  sticltv.  semi-fluid  substance,  that  is  readily  soluble  in  that 
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solvent.  The  better  grades  of  rubber  are  those  which  contain 
the  largest  amount  of  the  dry,  fibrous,  substance.  Thus  that 
grade  of  rubber,  known  by  the  name  Para,  which  comes  from 
Brazil  and  is  coagulated  by  the  hot  smoke  method,  is  superior 
to  the  other  grades  of  rubber,  as  it  contains  the  largest  amount 
of  this  material. 

65.  Crude  rubber  is  formed  into  various  shapes  by  the 
natives  who  collect  it  and  is  received  in  these  shapes  Jby  the 
manufacturer.  It  contains  a  considerable  amount  of  impurities 
and  differs  from  the  pure  gum,  which  is  both  white  and  odorless, 
due  to  the  odor  and  color  given  it  by  the  method  of  coagulation. 

66.  The  first  step  in  the  process  of  manufacture  consists  in 
cutting  the  gum  into  pieces  under  warm  water  and  removing 
the  larger  masses  of  foreign  matter.  The  gum  is  then  masticated 
under  a  stream  of  warm  water  by  a  pair  of  corrugated  rollers, 
this  operation  removing  most  of  the  impurities,  and  dissolving 
and  washing  away  the  resin  which  has  formed  by  a  partial 
oxidation  of  the  gum.  Due  to  the  removal  of  foreign  matter, 
the  gum  during  this  process  loses  from  10%  to  as  much  at  50% 
of  its  weight,  and  at  the  same  time  absorbs  considerable  water. 

67.  After  the  gum  has  been  thoroughly  washed,  it  is  taken 
from  the  masticating  rolls  in  the  form  of  sheets  and  hung  in 
dark  lofts  for  as  long  a  period  as  possible.  This  is  for  the  pur- 
pose of  drying  out  the  w^ater  absorbed  during  the  washing 
process. 

When  dry  the  sheets  are  readily  consolidated  into  large  solid 
blocks  by  the  application  of  pressure,  and  pure  rubber  sheet 
is  cut  from  these  blocks  under  water  by  rapidly  moving  knives. 
The  pure  gum  is  very  adherent,  freshly  cut  surfaces  when 
brought  into  contact  uniting  so  that  they  can  not  be  again 
separated.  It  is  also  very  absorbent,  the  dry  gum  being  capable 
of  taking  up  from  10%  to  20%  of  pure  water  on  continued 
immersion.  Light  and  heat  cause  pure  rubber  to  oxidize  rapidly, 
it  finally  becoming  a  brittle  resin.  Pure  rubber  also  softens 
at  a  slightly  elevated  temperature. 
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68.  For  these  reasons  rubber  is  little  used  in  its  pure  state, 
but  is  generally  mixed  with  other  materials  and  submitted 
to  a  process  known  as  vidcanization.  This  consists  in  mixing 
the  dry  gum  with  a  certain  quantity  of  sulphur,  the  quantity 
varying  from  3%  to  20%,  the  hardness  of  the  finished  product 
being  partly  dependent  on  the  amount  of  sulphur  used.  The 
mixing  is  done  by  passing  the  ingredients  many  times  through 
smooth  hot  rolls  called  grinders,  until  the  mixture  becomes 
uniform. 

69.  The  final  step  of  the  process,  after  the  mixture  has 
been  moulded  into  the  desired  form,  consists  in  heating  it  for 
a  certain  time,  the  temperature  being  maintained  at  a  definite 
point,  the  hardness  of  the  product  depending  on  the  time  and 
temperature,  as  well  as  on  the  percentage  of  sulphur.  During 
the  process  the  mixture  undergoes  a  change,  at  first  swelling 
and  tending  to  become  porous,  but  finally  assuming  a  perma- 
nent character  which  is  much  superior  to  that  of  the  pure  gum. 

70.  In  this  condition  the  rubber  is  fairly  stable,  but  under 
ordinary  conditions  it  slowly  deteriorates  with  age,  finally  be- 
coming oxidized  and  brittle.  An  improvement  is  obtained  in 
this  respect  by  adding  to  the  unvulcanized  mixture  substances, 
such  as  ground  mica,  chalk,  etc.,  and  oxides  of  lead,  zinc,  and 
other  metals.  Also  the  addition  of  certain  resins  improves  the 
quality  of  the  rubber.  The  compositions  of  compounds  made 
in  this  way  have  usually  been  determined  as  a  result  of  ex- 
tensive experimental  w^ork  and  are  generally  kept  secret.  Some 
of  them  are  knouTi  by  such  trade  names  as  Kerite,  Okonite,  etc. 

71.  (yopper  wire,  that  is  covered  with  vulcanized  rubber, 
must  be  protected  in  some  way  from  the  action  of  the  sulphur 
in  the  compound.  As  mentioned  in  Art.  41  this  is  generally  ac- 
complished by  tinning  the  wire.  However  in  some  eases  the 
copper  is  protected  by  one  or  two  layers  of  compound  contain- 
ing no  sulphur,  which  in  turn  is  enclosed  in  a  vulcanized  sheath. 
Light  stranded  wires  are  protected  by  wrapping  them  with  a 
tight  close  wind  of  cotton  yarn. 
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« 
72.  Previous  to  being  submitted  to  the  vulcanizing  pro- 
cess, rubber  compounds  are  comparatively  inelastic,  very  plastic, 
and  clean  surfaces  are  readily  united  by  pressure.  On  account 
of  these  characteristics  insulating  coverings  of  rubber  are  ap- 
plied to  wires  by  two  general  methods.  One  of  these  makes 
use  of  the  adhesive  property  of  the  unvuleanized  compound. 
The  rubber  compound  is  £rst  passed  though  calender  rolls 
and  formed  into  a  thin  sheet.  This  is  cut  into  strips  of  the 
proper  width  to  slightly  more  than  half  surround  the  wire  to 
be  insulated.  A  pair  of  these  strips  are  then  placed,  one  on  each 
side  of  the  wire,  and  rolled  into  close  contact  with  it  and  the 
edges  rolled  together  by  a  set  of  grooved  wheels,  the  excess 
of  rubber  being  trimmed  off  by  a  set  of  cutting  wheels.  This 
method  is  used  for  covering  the  larger  sizes  of  wire,  since  the 
wire  is  easily  kept  in  the  center,  insuring  a  uniform  thickness 
of  insulation  on  all  sides.  Sometimes  several  layers,  placed 
so  that  the  seams  do  not  register,  are  used  instead  of  one 
layer. 

73.  The  smaller  sizes  of  wire  are  covered  by  a  machine* 
which  forms  the  plastic  rubber  into  a  seamless  tube  surrounding 
the  conductor.  In  this  case  the  compound  must  be  worked  at 
a  higher  temperature  than  in  the  preceding  case,  in  order  that 
it  may  be  plastic  enough  to  be  forced  through  the  machine.  In 
some  cases,  instead  of  one  thick  layer,  a  series  of  thin  layers 
are  placed  on  the  wire  by  this  process,  thus  insuring  a  more 
uniform  thickness  of  insulation. 

74.  After  the  application  of  the  compound  and  before  it 
can  be  \ailcanized,  it  must  be  surrounded  by  some  material 
or  fabric*  to  prevent  it  from  swelling  and  becoming  porous 
during  vulcanization.  This  is  accomplished  for  the  smaller 
wires  by  coiling  them  in  a  pan  and  packing  powdered  chalk 
or  similar  material  closely  around  them.  For  the  larger  sizes. 
however,  it  is  necessary  to  apply  a  braid  or  a  covering  of  tape, 
or  use  some  iMjuivalent  means. 

76.  The  process  of  vulcanization  consists  in  heating  the 
wire  and  its  covering  to  a  temperature  between  250  deg.  and 


•Called  a  spewing:  machine. 


32 


WIRES  AND    CABLES 


300  deg.  F.,  for  from  half  an  hour  to  five  or  six  hours,  as 
determined  by  the  quantity  of  sulphur  in  the  compound  and 
the  hardness  and  elasticity  required.  For  ordinary  wires  one 
hour  at  265  deg.  F.  may  be  considered  as  the  average  practice. 
In  some  cases  the  heating  is  done  in  dry  air  warmed  by 
steam  coils,  and  in  other  cases  by  direct  exposure  to  dry  steam, 
the  latter  method  tending  to  produce  better  results. 

76.  The  rubber  covering  deteriorates  less  rapidly  when  it 
is  protected  from  the  action  of  light  and  the  elements.  There- 
fore it  is  generally  covered  with  a  braid  saturated  with  an 
asphlatum  compound,  the  outer  surface  being  finished  smooth. 

RUBBER  COVERED  WIRE* 

Solid  Conductor 

National  Electric  Code 


B.  &  S. 

5£ 

Weigl 
1.000  ft.. 

C  Li 

it  per 
Pounds. 

170 

Diam.  Leaded •• 
Inches 

• 
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40 
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.220 
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'      130 
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.372 
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.431 

A 

A 

4 

.394 
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210 
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.453 

A 

A 

3 

.419 

230 

254 

538 

1 

.478 

64 

A 

2 

.448 

273 

298 

599 

.507 

A 

A 

1 

.540 

362 

390 

722 

.570 

64 

A 

0 

.576 

438 

467 

981 

.636 

^ 

A 

00 

.616 

533 

562 

1116 

.675 

^ 

A 

000 

.661 

648 

678 

1279 

.721 

T^I 

A 

0000 

711 
1 
-Wire   an 

794 

827 

1473 
.   &   S.   a 

.771 
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No.    1    B 
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rubber  i 
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m  to  bra 

lid.     Add 
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single  braid   for 
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e  braid. 

•General  Electric  Co. 
♦♦See  Art.  89. 
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RUBBER  COVERED  WIRE* 
Stranded  Conductor  National  Electric  Code 


B.  &  S. 

Gauge 

and  C.  M. 

ii 

Diam.  SIngrle 
Braid,  Inches 

1 

Weight  per 
1,000  ft.,  Pounds 

! 

Weight  per 
1,000  ft.  Leaded 

1 

I  1 

Diam.  Leaded 
Inches 

Thickness  of 
Lead,  Inches 

as  of 
nches 

Single 
Braid 

28 

Double 
Braid 

Thicknei 
Rubber,  I 

16 

.196 

43 

210 

.290 

A 

JL. 
64 

14 

.212 

35 

50 

228 

.306 

A 

A 

12 

.231 

46 

63 

253 

.325 

A 

-4- 
•  4 

10 

.255 

63 

81 

288 

.349 

A 

A 

8 

.285 

86 

107 

335 

.379 

A 

A 

6 

.374 

139 

162 

410 

.433 

A 

A 

6 

.396 

165 

189 

455 

.455 

A 

A 

4 

.422 

197 

221 

507 

.481 

A 

A 

8 

.450 

240 

265 

567 

.509 

A 

A 

2 

.512 

289 

316 

639 

.541 

A 

A 

1 

.587 

381 

410 

•  935 

.647 

A 

A 

100000 

.616 

447 

476 

1030 

.676 

A 

A 

0 

.626 

464 

493 

1055 

.686 

A 

A 

125000 

.656 

513 

544 

1128 

.716 

A 

A 

00 

.669 

563 

595 

1202 

.730 

A 

A 

150000 

.690 

617 

650 

1275 

.750 

A 

A 

000 

.721 

683 

716 

1372 

.781 

A 

A 

200000 

'  .763 

800 

834 

1532 

.823 

A 

A 

0000 

.779 

835 

869 

1583 

.839 

A 

A 

250000 

.873 

1032 

1095 

2047 

.948 

^ 

A 

300000 

.932 

1218 

1283 

2303 

1.008 

A 

A 

350000 

.976 

1381 

1449 

2527 

1.056 

A 

A 

400000 

1.027 

1548 

1617 

2753 

1.102 

A 

A 

500000 

1.113 

1888 

1958 

3202 

1.189 

A 

A 

600000 

1.222 

2275 

2354 

3725 

1.298 

A 

A 

700000 

1.2i»4 

2619 

2707 

4148 

1.370 

A 

A 

750000 

1.328 

2791 

2880 

4355 

1.404 

A 

A 

800000 

1.360 

2959 

3051 

4912 

1.436 

A 

A 

900000 

1.423 

3295 

3390 

5340 

1.531 

A 

A 

1000000 

1.482  . 

3624 

3721 

5752 

1.590 

8 
SS 

.1 
64 

1250000 

1.650 

4496 

4600 

'7704 

1.820 

i 

i 

1500000 

1.772 
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5432 

8754 

1.942 

1 

i 

2000000 

1.992 

6958 

7075 

10821 

2.162 

t 

i 

Note — Wire  and 
rubber  in  addition 
of  double  braid. 


Cable   No.  1   B.  &  S.  and  larger  have  tape  over 
to  braid.     Add  ^"  to  single  braid  for  diameter 


•General  Blectric  Co. 
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77.  Several  other  forms  of  rubber  covered  wire  are  in 
general  use  among  which  may  be  mentioned  incandescent  latnp 
cord,   Pig.   9.     This  consists  of  a  conductor  composed  of  a 


Fig.  9 

number  of  fine  wires  bunched  together  to  secure  flexibility. 
Over  the  conductor  is  placed  a  tight  close  wind  of  cotton,  then 
a  covering  of  vulcanized  rubber  compound  at  least  -^  in.  thick, 
followed  by  a  cotton  or  silk  braid.  Two  such  wires  are  twisted 
together  so  that  the  lamp  cord  when  completed  contains  both 
legs  of  the  circuit. 

78.     Reinforced  lamp  cord,  Fig.  10,  is  similar  to  the  ordinary 
cord,  except  that  the  braid  over  the  rubber  is  always  of  cotton 


and  after  the  wires  are  twisted  together  the  pair  is  covered 
with  another  layer  of  rubber  and  a  final  protecting  braid. 
For  use  in  moist  places  this  braid  is  saturated  with  an  as- 
phaltum  compound. 

79.  Gutta-percha  is  sometimes  used  as  the  insulating  cov- 
ering of  conductors  under  conditions  where  it  is  protected 
from  the  action  of  light  and  air.  as  in  the  case  of  submarine 
cables. 


80.  This  gum  is  obtained  by  making  incisions  in  the  bark 
of  the  branches  of  the  Tsondra  gutta-tree,  the  sap  that  exudes 
and  dries  on  the  leaves  and  twigs,  being  scraped  off  and  rolled 
into  balls.  The  gum  is  shredded,  washed  to  remove  impurities, 
and  masticated  by  a  corrugated  roller.  After  this  it  is  dried 
and  is  ready  for  use. 

81.  Gutta-percha  is  heated  and  applied  to  the  wire  or  strand 
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in  a  manner  similar  to  that  in  which  small  wires  are  covered 
with  rubber  compound,  so  that  a  conttnuoua  uniform  covering 
is  formed.  Several  layers  are  applied  in  this  manner  and  then 
the  insulation  is  carefully  tested  to  detect  any  mechanical  im- 
perfections in  the  covering. 

82.  Before  such  a  conductor  can  be  immersed  in  the  sea 
it  must  be  suitably  protected  by  other  coverings.  These  gen- 
erally consist  first  of  a  layer  of  tanned  jute,  then  a  strand  of 
galvanized  wire,  and  finally  a  winding  of  jute  yarn  saturated 
with   an   asphaltum  compound  to  protect  the  galvanized  iron 


83.     Paper    is    largely    employed    for    insulating    c-overings 
Pig.  11,  under  conditions  where  it  is  protected  from  the  action 


of  moisture,  as  by  being  eixtlosed  in  a  continuous  lead  sheath. 
The  paper  in  the  form  of  a  ribbon  is  wound  around  the  con- 
ductor helically,  the  desired  thickness  being  obtained  by  using 
several  layers.  The  turns  overlap  and  successive  layers  are 
staggered.  The  covering  is  then  carefully  dried  and  impreg- 
nated with  an  insulating  oil,  such  as  specially  prepared  linseed 
oil.  The  best  grade  of  Manila  paper  is  n'quired  and  it  should 
not  contain  particles  of  iron,  wood  pulp,  or  any  trace  of  alkali 
or  acid.  This  form  of  insulation,  when  properly  applied,  is 
not  injured  by  a  continued  temperature  of  130  dcg.  P. 

84.     Vamuihed  cambric  is  another  form  of  insulating  cov- 
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ering,  Fig.  12,  that  is  considerably  used.     A  layer  of  treated 
paper,  cloth,  or  unvuleanizod  rubber  is  first  applied  to  the  con- 


ductor  to  prevent  any  possible  action  between  the  varnish  and 
the  copper.  Over  this  separating  layer  strips  of  varnished, 
closely-woven  cotton  fabric  are  wound  helically,  the  turns  over- 
lapping and  successive  layers  being  staggered.  The  strips  and 
layers  are  cemented  together  by  a  n  on -drying,  adhesive,  in- 
sulating compound  placed  between  them.  This  compound  pre- 
vents the  varnished  cambric  fabric  from  unwrapping  when 
the  cable  is  cut,  and  permite  adjoining  layers  tu  slide  upon 
each  other  when  the  conductor  is  bi'nt.  It  also  prevents  the 
capillary  absorption  of  moisture  between  the  layers.  The  in- 
sulation, when  properly  applied  does  not  deteriorate  at  a  con- 
stant temperature  of  150  deg.  F. 

85.  After  the  application  of  sufficient  layers  to  secure  the 
required  thickness  of  insulation,  the  covering  is  finished  with 
cotton  braiding  and  weatherp roofing,  asbestos  braiding  and 
flameproofing.  or  with  a  lead  -sheath.  This  form  of  covering 
is  not  affected  by  moisture  to  the  extent  that  paper  is,  and  may 
be  used  indoors  without  a  lead  sheath.  It  is  considerably  more 
flexible  than  paper  and  mineral  oils  have  no  effect  upon  it. 

86.  Groups  of  two  or  more  conductors,  each  separately  sur- 
rounded by  its  own  insulating  covering,  are  frequently  bunched 

or  strand''d  together  to 
form  cables.  Fig.  13,  and 
protected  by  another  insu- 
lating covering  that  sur- 
rounds the  group.  Such 
a  cable  may  contain  mai^ 
"'■■  '*  separate  circuits. 
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When  two  insulated  conductors  are  combined  in  this  manner 
the  group  is  given  various  names,  such  as  twisted  pair  and 


Fls.  14 


duplex  wire  or  cable,  the  name  signifying  some  detail  regard- 
ing the   construction.     Thus   in  a   twisted   pair,   Fig.   14,  the 


FlK.  IB 

two  insulated  conductors  are  twisted  together,  while  in  duplex 
wire,  Pig.  15,  they  lie  flat,  side  by  side. 

87.  To  aid  in  finding  the  same  wire  at  two  ends  of  a  cable 
composed  of  insidated  wires  the  insulation  of  one  wire  in  each 
layer  is  often  covered  with  hraid  or  tape,  the  other  wires  being 
found  by  their  location  relative  to  the  marked  wire. 

The  wires,  of  cables  that  are  composed  of  only  a  few  con- 
ductors, are  frequently  covered  with  different  colored,  braids 
or  have  different  colored  threads  woven  into  the  braids.  Single 
wires  are  frequently  marked  in  this  manner  for  use  when  a 
number  of  them  are  to  be  run  together. 


88.  Wires  and  cables  that  are  placed  beneath  the  ground 
or  water  require  special  protection  to  prevent  injurious  chemical 
and  mechanical  action  upon  the  materials  employed  in  their 
construction. 
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89.  For  iinder^ound  work  the  protection  is  generally  ob- 
tained by  the  use  of  a  continuous,  water-tight  lead  sheath. 
which  surrounds  the  covering  of  insulating  material.  The 
sheath  is  applied  to  the  insulated  conductor  by  the  use  of  a 
lead  press.  Sometimes  h  small  percentage  of  tin  is  added  to 
the  lead  to  harden  it  somewhat. 

90.  To  protect  the  sheath  from  chemical  action  it  may  be 
given  a  coating  of  tin.  preservative  paint,  or  covered  with  a 
braid  saturated  with  preservative  compound,  the  latter  also 
serving  to  protect  it  from  mechanical  injury.  In  addition  as 
still  better  protection  against  mechanical  injury  it  may  be  pro- 


vided  with   an   armor.   Fig.   16,  of  steel   tape   or   wii 
around  it. 


91.  Although  lead  encased,  rubber  insulated  conductors  are 
soiiietiiiics  employed  for  submarine  work,  a  protection  similar 
to  that  described  in  Art.  82  is  more  generally  used. 
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SPEOIFIOATIONS  AND  TESTS 

92.  The  thickness  of  insulation  used  on  a  conductor  depends 
on  the  voltage  at  which  it  is  to  be  operated,  the  size  of  the 
conductor,  character  of  the  insulating  material,  and  conditions 
under  which  the  conductor  is  to  be  employed,  the  proper  value 
being  determined  largely  by  experience.  It  is  necessary,  there- 
fore, in  specifying  the  thickness  of  insulation,  to  also  specify 
the  character  of  the  insulation  and  to  designate  certain  tests 
to  determine  that  the  insulation  is  according  to  specifications. 
In  the  case  of  rubber  covered  wire  various  manufacturers  and 
associations  have  adopted  specifications  and  tests,  which  gen- 
erally differ  from  each  other  only  in  details.  The  following  set  of 
specifications  and  tests  is  that  adopted  by  the  Rubber  Covered 
Wire   Engineers'  Association  in  1907.* 

SPEOIFIOATIONS   FOB  30   FEB   OENT   BUBBEB 

INSULATING  OOMFOUND 

93.  The  compound  shall  contain  not  less  than  30  per  cent  by 
weight  of  fine  dry^  Para  Rubber  which  has  not  previously  been  used 
In  rubber  compounds.  The  composition  of  the  rejnaining  70  per 
cent  shall  be  left  to  the  discretion  of  the  manufacturer. 

Chemical:  The  vulcanized  rubber  compound  shall  contain  not 
more  than  6  per  cent  by  weight  of  acetone  extract.  For  this  d&t 
termination,  the  acetone  extraction  shall  be  carried  on  for  5  hours 
in  a  Soxhlet  extractor,  as  improved  by  Dr.  C.  O.  Weber. 

Mechanical:  The  rubber  insulation  shall  be  homogenous  in  char- 
acter, shall  be  placed  concentrically  about  the  conductor,  and  shall 
have  a  tensile  strenth  of  not  less  than  800  pounds  per  square  inch. 

From  any  wire  on  which  the  wall  of  insulation  does  not  exceed  j^ 
inches,  a  sample  of  vulcanized  rubber  compound  not  less  than  four 
inches  in  length  shall  be  cut  with  a  sharp  knife  held  tangent  to 
the  copper.  Marks  should  be  placed  on  the  sample  ts\'o  inches  apart. 
The  sample  should  be  stretched  until  the  marks  are  six  inches  apart 
and  then  immediately  released:  one  minute  after  such  release  the 
marks  shall  not  be  over  2S  inches  apart.  The  sample  shall  then 
be  stretched  until  the  marks  are  9  inches  apart  before  breaking. 

In  case  the  wall  of  insulation  exceeds  ^\  inches,  the  return  required 
shall  be  2^  inches  instead  of  21  inches,  and  the  stretch  before  break- 
ing shall  be  8  inches  instead  of  9  inches. 


•These  are  given  In  place  of  the  Railway  Signal  Association  specifi- 
cations as  the  latter  have  not  been  adopted  and  are  subject  to  further 
revision. 
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For  thp  purpose  of  these  tests,  care  must  be  used  in  cutting:  to 
obtain  a  proper  sample,  and  the  manufacturer  shall  not  be  responsible 
for  results  obtained  from  samples  imperfectly  cut. 

These  tests  shall  be  made  at  a  temperature  not  less  than  50  deg.  F. 

For  high  tension  service,  it  is  recommended  that  the  above  me- 
chanical   requirements   of  the   rubber   be   eliminated. 

Electrical:  Each  and  every  length  of  conductor  shall  comply  with 
the  requirements  given  in  the  following  table.  The  tests  shall  be 
made  at  the  works  of  the  manufacturer  when  the  conductor  is  covered 
with  vulcanized  rubber  and  before  the  application  of  other  covering 
than  tape  or  braid. 

Tests  shall  be  made  after  at  least  12  hours  submersion  in  water 
and  while  still  immersed.  The  voltage  specified  shall  be  applied 
for  5  minutes.  The  insulation  test  shall  follow  the  voltage  test,  shall 
be  made  with  a  battery  of  not  less  than  100  or  more  than  500  volts, 
and  the  reading  shall  be  taken  after  one  minute's  electrification. 
Where  tests  for  acceptance  are  made  by  the  purchaser  on  his  own 
premises,  such  tests  shall  be  made  within  ten  days  of  receipt  of  wire 
or  cable  by  purchaser. 

Inspection:  The  purchaser  may  send  to  the  works  of  the  manu- 
facturer a  representative  who  shall  be  afforded  all  necessary  facilities 
to  make  the  above  specified  electrical  and  mechanical  tests,  and  also, 
to  assure  himself  that  the  30  per  cent  of  the  rubber  above  specified 
is  actually  put  into  the  compound,  but  he  shall  not  be  privileged  to 
inquire  what  ingredients  are  used  to  make  up  the  remaining  70  per 
cent  of  the  compound. 


VOLTAGE    TEST    FOR   5     MINUTES 
For  30  minutes  test,  take  80  per  cent  of  tliese  figures 


Size 


1.000.000  1 
to 
550,000  J 
500,000 

to 

250,000 

0000 

to  I- 

1 

2 

to 
7 

81 
to 
14 


<   I 


Thickness  of  Insulation  in  Inches 


^ 


2 


A 


. .  .  3000 


3000  I  4500 

i 


4000 


5000 


3 
3T 


7 
Ti" 


4 

^7 


6 
3? 


6000  1  8000  12000 


A 


16000 


rV 


5000  17000  9000  13000  16000 


19000 


19000 


A 


22000 


22000 


6000  8000  10000  13000  16000  19000 1 22000 


7000  9000' 11000  14000  116000 


6000  7500  I  9000  i  10000 


11000  12000 


18000  20000 
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MEGOHMS    PER   MILE,  60    BEG.  F. 
One  Minute  Electrification 


• 
^^  1 

Thickness  of  Insulation  In  Inches 

Size 

1 

, 

1     1 

A 

8*2  1  A 

i 

A 

300 

'  h 

A 

A 

A 

8 
32 

1.000,000  c.  m. 

•  •••    •••■ 

340   420 

490 

560 

630 

900,000  " 

1 

320 

360   440 

510 

590 

660 

800,000  " 

330 

380   460 

540 

610 

690 

700,000  " 

350 

400   490 

570 

650 

730 

600,000  " 

^ , ,  ,  1 

380 

430   520 

[  610 

690 

770 

500,000  " 

1  360 

410 

460 

570 

660 

750 

830 

400,000  " 

•  •••    •«•• 

400 

450 

510 

620 

720 

820 

910 

300,000  " 

■  ••■    •••• 

450 

520 

580 

700 

810 

910 

1010 

250,000  "  1 

•  ••■      aaap 

490 

560 

630 

750 

870 

980 

1090 

0000  Strand 

....   450 

530 

610 

680 

820 

940 

1060 

1170 

000   " 

500 

590 

670 

740 

890 

1020 

1150 

1270 

00   " 

560 

650 

740 

820 

980  1 1130 

1260 

1380 

0   " 

1 •  600 

710 

800 

890 

1060 

1210 

1350 

1470 

1  Solid 

. . . .  ! 750 

870 

970 

1080 

1270 

1440 

1600 

1740 

2   " 

....   680   820 

950 

1070 

1170 

1380 

1560 

1720 

1870 

3   " 

. . . . '  750 

900 

1040 

1160 

1280 

1490 

1680 

1850 

2000 

4   " 

....  1  820 

980 

1130 

1260 

1380 

1610 

1800 

1980 

2140 

5   " 

....   910 

1070 

1230 

1370 

1500 

1740 

1940 

2130 

2290 

6   " 

. . . .  '  990 

1160 

1330 

1480 

1610 

1860 

2070 

2260 

2430 

8   " 

950  1170 

1370 

1560 

1720 

1870 

2140 

2360 

2570 

2750 

9   " 

1040 

1280 

1490 

1680 

1850 

1 
2000  j  2280 

2520 

2730 

2910 

10   " 

1130 

1390 

1610 

1810 

1990 

2150 

2440 

2680 

2890 

3000 

12   " 

1340 

1620 

1860 

2080 

2270 

2440 

2750 

3000 

3220 

3420 

14   " 

1550 

1860 

2120 

2360 

2560 

2740  3060 

3320 

3550 

3750 

94,  Notes.  Soft-drawn  annealed  copper  wire  is  generally 
used  for  insulated  conductors,  instead  of  hard-drawn  wire,  on 
account  of  its  superior  flexibility  and  conductivity.  On  account 
of  its  superior  strength,  however,  hard-drawn  insulated  wire 
may  be  used  for  special  work,  such  as  long  spans.  Solid  wire 
may  be  used  if  flexibility  is  not  important,  but  stranded  con- 
ductors are  generally  desirable  for  sizes  larger  than  No.  10 
B.  &  S.  6.  if  they  have  to  be  drawn  into  conduits.  When  the 
area  of  conductors  is  2,000,000  c.  m.  or  more,  they  are  generally 
too  stiff,  even  in  the  form  of  a  cpncentric  strand,  and  therefore 
are  often  rope-laid. 

Certain  mechanical  tests  are  generally  specified  for  the  pur- 
pose of  determining  the  strength,  ductility,  and  flexibility  of 
the  wire,  and  to  insure  that  certain  forms  of  joints  may  be 
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made  and  that  undue  stresses  will  be  absent  in  the  wires  of  a 
strand. 

95.  A  conductivity  of  98  Vf  Mathiessen's  Standard,  which  is 
generally  specified  for  copper  conductors,  is  about  the  best 
that  is  commercially  obtainable,  considerable  diflBculty  and  ad- 
ditional expense  being  encountered  in  producing  grades  of 
higher  conductivity. 

96.  Splices  in  a  conductor  are  undesirable  as  they  are  of 
higher  resistance  than  the  conductor,  and  also  are  liable  to 
break  inside  the  insulation  w-hen  the  conductor  is  installed, 
producing  a  fault  that  it  is  difficult  to  locate. 

97.  Not  more  than  SS^r  of  rubber  is  sometimes  specified 
to  prevent  the  use  of  any  other  than  Para  rubber.  If  an  in- 
ferior grade  is  used  the  compound  will  have  to  contain  more 
than  33%  to  meet  the  test  requirements.  The  inferior  grades 
are  to  be  avoided  as  their  permanence  is  doubtful. 

The  amount  of  resinous  or  acetone  extract  is  limited  since 
its  presence  in  greater  quantities  indicates  the  use  of  inferior 
rubber,  a  small  amount  of  extract  being  an  essential  quality 
of  fine  dry  Para  rubber.  In  some  cases  it  is  recommended  that 
the  amount  should  not  exceed  3  per  cent  in  the  gum  and  that 
the  compound  after  vulcanization  shall  contain  not  more  than 
2  per  cent  by  weight  of  acetone  extract  which  is  volatile  below 
212  deg.  F. 

The  amount  of  free  sulphur  is  sometimes  limited  in  or^er 
to  protect  the  copper  fnmi  corrosion.  It  is  recommended  that 
the  amount  should  not  exceed   1   per  cent. 

98.  The  physical  or  mechanical  tests  of  the  rubber  insulation 
combinc^d  with  the  restriction  in  the  (juantity  of  rubber  make 
it  practically  impossible  to  use  obje^ctionable  compounds. 

99.  The  insulated  conductor  is  required  to  be  immersed  for 
12  hours,  previous  to  making  the  insulation  resistance  test,  to 
enable  the  water  to  penetrate  anywhere  it  could  penetrate  after 
the  conductor  was  installed.     In  some  cases  this  period  is  in- 
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creased  to  48  hours.  Cambric  insulation  requires  about  the 
same  period  of  immersion  as  rubber  insulation,  while  a  much 
shorter  period  is  sufficient  for  paper,  as  it  is  very  hygroscopic. 

100.  As  the  materials  used  in  other  forms  of  insulation, 
such  as  cambric,  paper,  etc.,  are  generally  of  undoubted  per- 
manence and  known  electrical  qualities,  no  further  specifications 
are  usually  needed  than  a  general  description.  They  should, 
however,  be  subjected  to  a  sufficiently  high  voltage  test,  and 
the  insulation  resistance  should  bo  groat  onough  for  successful, 
operation. 
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EXAMINATION  QUESTIONS 


(1)  "What  three  metals  are  most  used  as  conductors  for 
transmission  purposes? 

(2)  Why  is  it  not  economical  to  use  insulated  aluminum 
conductors,  for  transmission  purposes,  provided  that  the  cost 
of  the  metal  for  equal  conductivity  is  the  same? 

(3)  A  transmission  line  of  given  length  requires  bare  wire 
of  such  a  size  that  a  certain  conductivity  will  be  obtained. 
Which  is  more  economical  to'  buy  copper  at  25  cents  per  lb. 
or  aluminum  at  33  cents  per  lb.  ? 

• 

(4)  A  copper  cable  with  a  cross-sectional  area  of  100,000 
c.  m.  is  required  to  conduct  a  given  current  with  a  certain 
drop  in  voltage.  What  would  be  the  approximate  area  of  a 
cable  of  commercial  iron  wire  that  would  conduct  the  current 
with  the  same  drop? 

(5)  How  are  iron  and  steel  wire  prevented  from  rusting? 

(6)  Under  what  general  condition  is  it  advantageous  to 
use  copper-clad  steel  wire? 

(7)  State  the  difference  between  the  conductivity  and 
tensile  strength  of  hard-drawn  and  soft-drawn  or  annealed 
copper  wire. 

(8)  Why  is  copper  wire  sometimes  tinned? 

(9)  What  is  a  concentric  strand? 

(10)     Name    four    different    insulating    materials    that    are 
placed  on  magnet  wire. 
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(11)  How  does  office  wire  differ  from  magnet  wire? 

(12)  Why  is  the  asphaltum  eompomid  used  to  saturate  the 
covering  of  weatherproof  wire,  superior  to  paraflBne? 

(13)  To  what  process  must  rubber  insulating  compounds 
be  submitted  to  render  them  durable  and  prevent  ordinary 
temperature  changes  from  affecting  them? 

(14)  Why  does  rubber  produce  such  a  desirable  insulating 
covering? 

(15)  Why  is  the  rubber  generally  protected  by  an  outer 
covering  of  some  other  material? 

(16)  Why  do  paper  insulating  coverings  require  a  lead 
sheath  ? 

(17)  When  several  insulated  wires  are  made  up  into  a 
cable,  what  simple  method  is  frequently  used  to  enable  the 
same  wire  to  be  found  at  each  end  of  the  cable? 

(18)  What  is  meant  by  an  armored  cable? 

(19)  State  the  reason  for  limiting  the  amount  of  acetone 
extract  in  rubber. 

(20)  Why  are  insulated  conductors  immersed  in  water  pre- 
vious to  testing  for  insulation  resistance? 


LINE  CONSTRUCTION 

1.  In  order  to  employ  wires  and  cables  for  the  purpose  of 
transmitting  electrical  energy  from  one  point  to  another,  they 
must  be  properly  supported.  That  is,  they  must  not  only  be 
properly  insulated  from  the  ground  and  from  one  another,  but 
must  be  supported  so  as  to  both  protect  them  from  injury,  and 
prevent  them  from  causing  injury.  Wires  or  cables  when  sup- 
ported in  this  manner  form  what  are  known  as  lines  or  trans- 
mission lines. 

2.  Lines  may  be  divided  into  three  general  classes  known  as 
aerial  or  pole  lines,  underground  or  duct  lines,  and  submarine 
lines,  according  as  they  are  run  through  the  air,  earth,  or  water. 
Of  these,  aerial  lines  are  used  to  the  greatest  extent.  Under- 
ground lines,  on  account  of  their  greater  cost,  are  generally  used 
only  where  it  is  impossible  or  undesirable  to  employ  aerial  lines, 
and  submarine  lines  become  necessary  when  the  width  of  a 
body  of  water  is  too  great  to  allow  aerial  construction,  or  when 
aerial  lines  are  not  practical  on  account  of  the  height  of  passing 
vessels. 

AERIAL  LINES 

3.  This  type  of  construction  consists  in  running  the  wires  or 
cables  through  the  air,  at  a  suitable  distance  above  the  ground, 
and  supporting  them  by  poles,  or  in  some  cases  towers,  which 
are  provided  with  the  necessary  cross-arms  and  other  devices, 
for  attaching  and  insulating  the  conductors.  Available  build- 
ings or  other  structures  may  also  be  used  as  supports. 

OPEN  WIRE  LINES 
MATERIALS  OP  CONSTRUCTION 

4.  Wire:  The  principal  kinds  of  wire  used  for  open  wire 
lines  are  hare  copper  and  iron,  and  weatherproof  copper,  copper- 
clad,  and  iron.  Of  these  No.  10  and  12  B.  &  S.  G.  weatherproof 
hard  drawn  copper  wires  are  generally  used,  except  when  larger 
sizes  are  necessary  to  conduct  the  required  current.  The  sizes 
of  iron  wire  ordinarily  used  are  No.  4  to  10  B.  W.  G.  and  those 

The  School  of  Railway  Signaling  wishes  to  thank  the  Western  Electric  Co.,  the  Central 
Electric  Co.,  Biflsell  &  Co.,  and  others  who  have  contributed  cuts  and  information  to  be 
usee'  in  compiling  this  text. 
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of  copper-clad  No.  12  and  14  B.  &  S.  G.  Rubber  covered  copper 
wire  is  usually  employed  for  making  connections  from  the  line 
to  signal  devices. 

5.  Poles:  Wooden  poles  are  used  to  the  greatest  extent  for 
the  support  of  aerial  lines.  Various  kinds  of  wood  are  used,  of 
which  cedar  is  believed  to  be  the  best;  followed  by  chestnut, 
cypress,  Norway  pine,  redwood,  etc.;  the  kind  of  Wood  depend- 
ing to  some  extent  on  what  is  available  in  the  locality  where  the 
poles  are  to  be  used.  Thus  redwood  would  be  mostly  used  in 
the  western  states,  as  it  grows  in  that  section  of  the  country. 

•  6.  Trees  from  which  poles  are  made  are  cut  in  the  winter 
months,  trimmed,  the  bark  removed,  and  the  butts  squared. 
They  are  then  piled  to  season  with  open  spaces  between  them, 
and  in  a  position  raised  above  the  ground.  The  period  of  seas- 
oning continues  for  at  least  a  year  or  eighteen  months.  Only 
live  growing  timber,  sound  and  free  from  shakes*  and  undesir- 
able knots,  is  used,  and  trees  are  selected  that  are  well  propor- 
tioned and  free  from  objectionable  bends. 

7.  The  size  of  poles  is  usually  specified  by  the  length  in  feet 
and  the  circumference  at  the  top  in  inches.  The  circumference 
is  generally  used  instead  of  the  diameter,  on  account  of  the  fact 
that  the  tops  are  seldom  round  and  several  different  diameters 
may  be  measured.  In  addition  the  circumference  six  feet  from 
the  butt  is  specified  in  some  cases,  to  insure  that  poles  have  the 
proper  taper. 

•  8.     Poles  generally  vary  in  length  by  5  feet.     A  top  circum- 

SIZES  AND  WEIGHTS  OF  WOOD  POLES 


Length 

Circumference 
in  Inches 

Approximate . 
Weight 

1 

Length 

Circumference 
in  Inches 

Approximate 
Weight 

all 

Feet 

At 
Top 

6  ft.from 
Butt 

in 
Poundfl 

1X1 

Feet 

At 
Top 

6  ft.  from 
Butt 

m 
Pounds 

25 

22 

30 

325 

45 

25 

46 

1080 

25 

25 

34 

415 

50 

22 

46 

1120 

30 

22 

34 

450 

50 

25 

50 

1390 

30 

25 

37 

560 

55 

22 

50 

1400 

35 

22 

37 

580 

55 

25 

54 

1550 

35 

25 

40 

700 

60 

22 

54 

2000 

40 

22 

40 

760 

60 

25 

58 

2400 

40 

26 

43 

900 

65 

22            58 

2700 

45 

22 

43 

900 

70 

22 

'       64 

3400 

*See  Matwiab. 
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ference  of  25  in.  is  usually  employed  although  poles  with  a  22  in. 
top  may  be  used  where  only  a  few  wires  are  to  be  supported. 
For  six  wires  or  less  top  circumferences  smaller  than  these  are 
sometimes  employed.     The  table  gives  the  ordinary  pole  sizes. 

9.  Owing  to  the  increasing  scarcity  of  timber 
and  to  the  cost  of  replacements,  various  methods 
of  treating  poles  to  increase  their  life  are  used  to 
some  extent.  One  of  these  methods  consists  of 
saturating  the  wood  with  creosote,  while  others  in- 
volve the  use  of  zinc  chloride  or  other  chemicals. 

10.  As  the  pole  decays  more  quickly  at  and 
just  below  the  surface  of  the  earth,  where  it  is  al- 
ternately wet  and  dry,  there  is  some  advantage 
in  coating  the  butt  with  pitch  before  placing  it  in 
the  ground,  and  in  charring  it  previous  to  applying 
the  pitch.  In  some  cases  poles  are  protected  at 
this  point  by  enclosing  them  in  concrete. 

11.  For  heavy  lines  steel  poles  are  used  to  a 
limited  extent.  Various  forms  of  construction 
are  employed,  such  as  special  formed  pipe,  Fig.  1. 
Pipe  poles  are  commonly  made  of  from  two  to  four 
pieces  of  successively  decreasing  diameters,  shrunk, 
welded,  or  screwed  together. 

12.  Poles  made  of  reinforced  concrete  are  un- 
der trial  at  the  present  time.  Such  poles  are  very 
heavy,  but  have  the  advantage  of  a  very  long 
life. 

13.  A  wooden  pole,  as  ordinarily  fitted  for 
low  tension  lines,  is  illustrated  in  Fig.  2,  the 
names  of  the  various  fittings  being  given  beneath 
it. 

14.  Referring  to  the  term  low  tension*  lines, 
there  is  no  exact  point  of  division  between  low 
and  high  tension  lines.  In  a  general  sense  lines 
operating  at  voltages  below  2,200  volts  may  be 
considered  as  low  tension  lines,  and  those  oper- 
ating at  this   or   greater  voltages  as  high  tension 

Fu.  1         lines. 


^Sometimes  called  low  potenticU. 
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The  term  as.here 
used,  however, 
means  hnes  work- 
ing at  the  voltages 
most  commonly 
used  in  signal  work ; 
namely  seldom  ex- 
ceeding 50  or  55 
volts.  Higher 
voltages  are  em- 
ployed, of  course, 
such  as  110  volts 
used  in  electric  in- 
terlocking  and 
even  500  or  600 
volts  used  on  stor- 
age battery  charg- 
ing lines  as  em- 
ployed in  block 
signal  work,  the 
same  general  meth- 
ods of  conBtruction 
being  used  in  these 
cases,  only  that 
more  attention  is 
given  to  insulation 
and  to  making 
joints. 

IS.  Guys:  Gut/s 
are  wires  either 
solid  or  stranded* 
which  are  gener- 
ally run  from  a 
support  fixed  in 
the    earth    to    the 

Fid-  2 

top    of  a  pole,  to 

1 — Crotn-arm  4 — Iron  poU  tUp  ,  .  ,  .  . 

2— CTOss-arm  braces  5—JmuIator  pin  strengthen     It 

3— -Wood  poU  step  6 — Imviator  against  side,  orend 

•Tlw  term  ttrmd  a  of  Mo  used  insMBd  of  >(ritnd«il  wire. 
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stresses.     Wire  for  this  purpose  is  generally  made  of  galvanized 
steel. 

16.     It  is  common  practice  to  fasten  the  guy  at  the  earth  end 
to  a  f  in.  galvanized  iron  anchor  rod  or  guy  rod,  Fig.  3,  which  is 
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bolted  to  a  piece  of  timber,  known  as  an  anchor  log,  or  to  any 
other  suitable  anchor  such  as  a  concrete  block,  buried  in  the 
ground.  Anchor  logs  are  generally  made  by  cutting  up  crooked 
poles.  Various  forms  of  folding  and  screw  anchors,  Fig.  4,  may 
be  obtained  to  take  the  place  of  this  construction.     In  places 


Fli.  4 

where  rock  is  encountered  rock  bolts  or  anchors,  Fig.  5,  are  used 
to  anchor  the  guy. 

17.     If  stranded  guys  are  used  the  ends  wh^re  attachment  is 
made  to  the  pole  or  anchor  rod  are  secured  by  guy  clamps,  Fig. 
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6,  or  wire  rope  clips,  Fig.  7.  Both  of 
these  devices,  in  several  different  forms, 
are  made  of  galvanized  iron. 


ru.  9  rn.  e 

18.     To  prevent  the  guy  from  slipping  where  it  is  wrapped 


around  the  pole,  a  galvanized  iron  guy  hook,  Fig.  8,  may  be  used. 
It  is  fastened  to  the  pole  with  spikes  or  lag  screws. 

19.     Instead  of  wrapping  the  guy  around  the  pole,  it  may 

be  fastened  to  a  galvanized  iron  eye  bolt,  which  is 

passed  through  the  pole.     Eye  bolts  may  also  be 

used  for  fastening  the  other  end  of  the  guy  to  a  guy 

stub  or  structure.  ■ 

20.     When  a  solid  or  stranded  wire  is  fastened  to  an 

eye  bolt  or  anchor  rod,  it 

should  be  protected  by  a 

wire  rope  thimble,  or  wire  j 

*y*.  Fig,  9,  which  is  ap-  ' 
ru.  8     plied  as  shown  in  Fig.  7. 
These    are   generally    made  of   gal- 
vanized iron,  F,^,  9 
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21.     A  galvanized  wrought  iron  tumbuckle,  Fig.  10,  may  form 
part  of  a  guy,  in  case  it  is  desirable  to  adjusti  the  tension.     These 


Pid-  10 

are  sometimes  fitted  with  porcelain  insulators,  as  shown  i 


Fig. 


22.  Pole  clamps  or  pole  bands  of  galvanized  iron,  Fig.  12, 
while  they  may  be  used  on  wooden  poles  for  fastening  guy  wires, 
are  more  generally  used  on  steel  pipe  poles. 

23.  Cross-arms:  Several  conductors  are  generally  sup- 
ported by  a  pole,  and  in  order  to  place  the  proper  spaces  between 

them,  cross-arms  are 
used  to  carry  the  pina 
and  insulators  to 
I  which  the  conductors 
are  fastened.  Cross- 
arms  are  rectangular 
pieces  of  wood,  Fig. 
13,  long  leaf  yellow 
"*'  ^*  pine  and  Washington 

fir  being  considered  best  for  this  purpose.  -  The  wood  should 
be  sound,  well  seasoned,  straight  grained,  [and  free  from 
knots.     Cross-arms  are  carefully  formed  to  certain  sizes  and 
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slightly  rounded  at  the  top  except  for  a  short  distance  at  the 
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center  where  they  fit  the  pole,  so  that  they  will  readily  shed 
water. 

24.  Among  a  number  of  sizes  employed  that  known  as  the 
standard  cross-arm,  measuring  3\  in.  x  4J  in.,  is  in  most  general 
use.  A  lighter  arm,  measuring  2J  in.  by  3J  in.,  sometimes  called 
the  telephone  cross-arm,  is  used  to  a  limited  extent. 

The  lengths  of  cross-arms  depend  upon  the  number  of  pins 
they  are  to  hold. 

25.  The  following  table  gives  the  lengths,  etc.,  of  standard 
cross-arms. 


STANDARD  CROSS-ARMS 

Finished  size,  3}  in.  x  4 J  in. 

Bored  for  1 J  in.  or  1)  in.  wood  pins,  or  for  i  in.  or  |  in.  steel  pins,  two  }  in. 
carriage  bolts,  and  one  {  in.  center  bolt  or  two  i  in.  lag  screws,  as  may  be 
directed. 

Pin  holes  are  of  a  size  to  give  a  driving  fit;  carriage  bolt  holes,  -^  in.  diam- 
eter; }  in.  lag  screws  or  machine  bolt  holes,  ^^  in.  diameter;  and  |  in.  machine 
bolt  holes,  IJ  in.  diameter. 


Length  in 
Feel 

No.  of 
Pins 

Pin  Spacing* 

Approx. 
Weight 

in 
Pounds 

Ends. 
Inches 

CenterH, 
Inches 

Sides, 
Inches 

3 
4 
6 
6 
8 
8 
10 
10 

2 
4 
4 
6 
6 
8 
8 
10 

4 
4 
4 
4 
4 
4 
4 
2i 

28 
16 
20 
16 
19 
19 
19 
16 

■    • 

12 
22 
12 
17i 

114 
15} 

12i 

10 
14 
21 
21 
28 
28 
35 
35 

26.  To  prevent  decay  cross-arms  are  frequently  protected 
by  painting  them  with  an  oil  paint,  but  in  many  cases  are  used 
unpainted. 

27.  Cross-arms  made  of  steel  angles  or  malleable  iron,  are 
sometimes  used  in  place  of  wood  arms,'  especially  on  power 
transmission  lines. 

28.  Side  Arms:     In  some  cases  it  is  necessary  to  attach  the 

*End§ — This  is  the  distance  between  the  end  pins  and  the  ends  of  the  arm.  CerUera — 
This  is  the  distance  between  the  two  center  pins.  Sides — This  is  the  distance  between 
other  pins.  The  spacings  given  are  used  as  standards  by  several  roads;  other  values,'  how- 
ever, are  sometimes  employed. 
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arms  to  the  pole  at  one  end, 
instead  of  at  the  center.  Such 
arms  are  called  side  or  alley  aims,* 
Fig.  14,  and  the  squared  part 
that  fitH  the  pole  is  placed  either 
at  the  end,  as  shown,  or  between 
the  second  and  third  pin  hole. 
With  the  latter  arrangement  the 
cross-arm  braces,  Art.  29,  are 
placed  on  the  opposite  side  of 
.the  pole,  as  shown  in  Fig.  18. 

29.  Cross-arm  Fastenings : 
Cross-arms  are  attached  to  the 
poles  by  means  of  two  J  in.  x 
7  or  7J  in.  galvanized  lag  screws, 
or  one  |  in.  galvanized  center 
bolt.  In  addition  they  are  gen- 
erally braced  by  two  bars  of 
galvanized  iron  known  as  cross- 
ann  braces,  Fig.15,  each  of  which 
is  bolted  to  the  cross-arm,  Fig. 
16,  by  a  §  in.  galvanized  car- 
riage   bolt,    which    should    be 


Both  braces 
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are  fastened  to  the  pole  by 
a  ^  in.  X  4  in.  galvanized  lag 
screw.  In  some  cases  four 
cross-arm  braces,  Fig.  17,  are 
used  instead  of  two,  the 
extra  braces  being  called 
back  braces.  The  following 
table  gives  the  dimensions  of 
various  cross-arm  braces. 

CROSS-ARH  BRACES 

Dimensions  in  inches. 


..n^h 

Wtdlh 

ThicbUH' 

20 

A 

lA 

A 

22 

28 

lA 

30 

I.V 

fy 

30.     Side  and  alley  arms 

must  be  provided  with  special 

Fid.  18  braces.  Figs.  14  and  18,  which 

are  made   in  -various   ways,   frequently  of   li  x  H  x  J  in.  or 

2  X  2  X  }  in.  galvanized  angle  iron,  the  arms  being  held  at  the 

proper  distance  apart  by  vertical  braces  as  shown. 


31.  Various  other  special 
braces  are  used,  such  as  the 
terminal  pole  back  brace, 
Fig.  19,  also  called  a  double 
arming  brace  on  account  of 
the  fact  that  it  serves  a  pur- 
pose similar  to  that  for  which 
double  cross-arms,  Art.  32, 
are  used.  These  braces  are 
often  made  of  galvanized 
angle  iron. 


\ 


N 


7^ 


^^ 


■kifc 
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32.  Double  Cross^amu  :  When  it  is  necessary  to  provide 
extra  strength  the  pole  ib  double  armed;  that  is,  two  cross-arms. 
Fig.  20,  placed  on  opposite  sides  of   the  pole  are   used.      These 

arms  are  fastened  to- 
gether at  the  ends  by 
ordinary  bolts  and  sep- 
arating blocks  as  shown, 
although  in  some  cases 
two  bolts  are  used  at 
each  end.  Special  bolts, 
Fig.  21,  known  as 
double  arming  bolts  or 
stud  bolts  are  some- 
times used  in  place  of  the 
preceding    construction. 

33.  Insulator  Pins:     The  insulators,  Art.  40,  to  which  the 


'^ 


wires  of  an  aerial  line  are  attached,  are  held  in  place  on  the  cross- 
arms  by  means  of  wood,  iron,  or  steel 
pieces.  Fig.  22,  called  insulator  pins.* 
34.     Wood  insulator  pins  are  gen- 
t    erally  made  either  of  locust  or   oak, 
the  former  being  considered  better, 
and  for  the  purpose  of  adding  to  their 
life  they  are  often  painted,  mineral 
'     paint   being   preferred,   or  boiled  in 
I  '  some  insulating  material,  such  as  oil 

I  or  paraffine.     At  the  lower  end  they 

have    a   slightly    tapered   cylindrical 
shank    which    fits    a     hole     in    the 
cross-arm,    and    at    the   upper    end 
I     they    are    provided     with    a    coarse 

___       —       screw  thread,  by  means  of  which  the 

"*•  **  insulators  are  attached. 

•OtUn  aimply  oaUad  piitt. 
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35.  Iron  and  9ted  insviator  pins  are  made  in  &  variety  of 
shapes  and,  although  generally  provided  with  a  threaded  top 
of  wood,  are  sometimes  fastened  into  the  in- 
sulators with  plaster  of  paria  or  cement,  or 
made  with  a  threaded  top  of  porcelain  or 
metal,  onto  which  the  insulator  may  be 
screwed.  Metal  threads  may  be  provided 
with  a  felt  packing  to  prevent  breakage  by 
expansion. 

Iron  pins  may  be  obtained  with  clamps, 
Fig.  23,  which  fit  around  the  cross-arm,  so 
that  the  hole  is  avoided,  thus  adding  to  the 
strength  of  the  arm. 

36,  Three  kinds  of  pins  are  in  general  use; 
ordinary  line  jyins,  terminal  or  corner  pins  and 
transposition  pins.  Ordinary  line  pins  are  ''''•  ** 
usually  made  7}  in,  or  8  in.  in  length  with  shanks,  in  the  ease 
of  wood  pins  or  iron  of  similar  design,  1\  in.  or  l^in.  in  diameter. 
Terminal  or  corner  pins  are  made  for  use  where  greater  strength 
is  required.  Wood  corner  pins  are  frequently  arranged  with 
bolts  extending  their  entire  length  and  provided  with  nuts  and 

washers  at  the  lower 
end  to  prevent  the 
pins  from  pulling  out 
of  the  cross-arm. 
Transposition  pins 
are  made  9  in.  long 
and  have  longer 
threads  thanthe other 
pins  for  the  purpose 
of  supporting  trans- 
position insulators 
which    are  described  f^,  39 

later. 

37.     Brackets:     When  the  number  of  wires   to 

be  supported  by  a  pole  does  not  exceed  one  or  two, 

pole  brackets,  Fig.  24,  are  generally  used  instead  of 

Fit.  84     cross-arms  and   pins,  to  support  the    insulators. 
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These  are  usually  made  of  oak,  and  are  sometimes  painted  with 
metallic  paint. 
Fig,  25  shows  two  styles  of  malleable  iron  brackets,  which 
may  be  used  on  the  tops  of  poles. 

MFig.  26  shows  a  form  of  bracket 
known  as  a  break  aim,  which  is 
sometimes  used  in  running  branch 
lines.  It  is  fastened  to  a  cross- 
arm  in  the  same  manner  as  an  in- 
sulator pin,  and  may  be  arranged  for 
pj.  2g  attachment  to  a  pole  top. 

38.  Brackets  are  also  made  for  the  purpose  of  supporting 
wires  on  buildings  and  other  structures,  the  malleable  iron 
wall  brackets,  Fig.  27,  being  exam- 
ples. They  are  attached  by  bolts, 
lag  screws,  or  expansion  bolts,  de- 
pending on  the  kind  of  material  to 
which  they  are  fastened.  These 
brackets  may  also  be  used  as  pole 
brackets. 


lrl» 


39.  When  wires  pass 
through  trees  they  may  be 
supported  by  insulators  at- 
tached to  swinging  brackets, 
Fig.28,  known  as  tree  brackets; 
or  by  tree  insulators,  Fig. 
29.  Both  of  these  devices 
are  made  in  several  differ- 
ent  forms. 

40.  Insulators:  To  pre- 
vent electrical  energy  from 
passing  through  the  supports 
from  wire  to  wire,  or  to  the 
ground,    it    is    necessary    to 
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carry  the  conductors  on  insuUtors.     These  are  generally  made  of 
glass  for  low  tension    cir- 
^^^_     .^^_.         cuits,  although  sometimes 

4tBmamas^^  W\     „,p„„,iai».Gi.s,i,  lower 

priced   than   porcelain   al- 
though   the    latter  is 
^"'  ^^  stronger,  and  if  well  made, 

has  better  insulating  properties. 

41,     Glass   insulators    for    low    tension 
lines  are  made  in  a   variety  of  forms.     Fig. 

30  shows  an  insu- 
lator with  a  single 
petlicoai  and    Fig. 

31  an  insulator 
with  a  double  petli- 
coai. 

The     object    of 

the    petticoats    is 

to  form  a  series  of 

concentric  grooves 

and  ridges  on  the 
under  side  of  the  insulator,  thus  in- 
creasing the  extent  of  surface  that  cur- 
rent must  leak  over  before  it  can  reach 
the   pin,  and  therefore  improving  -the  insulating    qualities  of 
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the  insulator.       In  addition,  these  grooves,  being  on  the  under 
aide,  will  keep  comparatively  dry  during  a  rain  storm. 


Fid.  34  Fid.  3S 

Among  a  great  many  forms  of  insulators  are  the  regular,  Fig. 
32;  the  Western  Union,, Fig.  33;  the  deep  groove,  Fig.  34;  the 


Fid.  36  Fid-  37 

double  groove,  Fig.  35;  the  angle  piece  transposition,  Fig.  36;  and 
the  two  piece  transposition  or  Hibbard  insulator,  Fig.  37. 
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42.  Rubber  hook  insulators,  Fig.  38,  consisting  of  a  metal 
hook  supported  in  an  insulating  base  of  hard  rub- 
ber, threaded  so  that  it  may  be  screwed  into  a 
hole,  are  sometimes  used  for  attaching  wires  to 
the  side  of  a  building,  or  for  carrying  them  on  the 
under  side  of  cross-arms. 

43.  Porcelain  knobs,  Fig.  39,  are  used  for 
supporting  wires  on  cross-arms,  on  the  sides  of 
buildings,  etc, 

44.  Porcelain  split  knobs,  Fig.  40, 
are  used  for  the  same  purpose  as  the 
Itnobs  shown  in  Fig.  39. 

rn.  38  45.     Wire  guards  or  guard  irons, 

Fig.  41,  are  made  in  several  different  forms  of  wrought 
or   malleable    iron,    and  are   preferably  galvanized,      r,^.  39 
They    are   placed    at    corners,  curves,  or  other  locations,  where 
there  is  a  possibility  of  the  wire  becoming  detached  and  falling, 

Q     on  account  of  the  breaking  of   the  insulator  or  pin. 
They    are    particularly    desirable,     if   the     wire    in 
falling  is  liable  to  come  into 
contact  with  other  circuits, 
vj^k        or  cause    damage   of    any 
I^B      kind,  as   by   hanging    too 
^^^      low  over  tracks. 

t      ^  "    ■ 
46.     Bridle  rings  or  dis-    t.    '  '  '_- 
tributing  rings,  also  called    F'"  — i      - 
pig  tail  hooks.  Fig.  42,   are 
rti.  40     ygg(j    foj.     carrying     wires  "" 

from  one  position  to  another  along  the  cross-arms.  They  are 
sometimes  made  closed  and  in  some  cases  are  fitted  with  porcelain 
nsulators.     They  may  be  either  galvanized   or  enameled. 

47.  Pipe  clips  or  straps,  Fig.  43,  covered  with  friction  tape, 
fSee   Art.  66,   and   spider    wire    cleats.  Fig.  44,    are    also  used 

or  carrying  wires  along  the  cross-arms. 

48.  Tninking:   This  name  is  given  to  grooved  lumber   (see 
Fig.  59)  used  for  the  purpose  of  protecting  wires.     It  is  gener- 


i"    &        ^ 
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ally  provided  with  a  board  cover  called  cap- 
ping. Trunking  is  made  of  various  woods, 
such  as  white  pine,  cypress,  fir,  etc.,  and 
comes  in  lengths  of  from  10  to  17  ft.  It  is 
sometimes  treated  with  creosote  or  other 
wood   preservative, 

49.     Pole  Steps;  These  are  fittings  of  gal- 
vanized   iron    or  wood,   Fig.   45,  which  are 
sometimes  attached 
pole    to    aid    in  climbing 
it.      They    are     made 
a  variety   of    forms. 
FM.  43  Wooden  steps  are    gener- 

ally used   at  the  bottom    of    a 
pole   for   a    distance  of   about 

9  ft.  from  the  

ground,  as  they 
are  less  liable  to 
injure  a  person 
accidentally  com- 
ing into  contact 
with  them. 

50.        Pole 

rings*  are  made 
of  wrought  iron 
or  mild  steel, 
Fig.    46,  about  1  in.  wide  by    \   in,  thick.     They    are  placed 

O    around  the  tops   of   poles  to   provide  ex- 
tra strength,   if  considered  desirable. 


51.    Anti-hum  Devices :  These  consist  of 

two  metal    parts,    Fig.    47,   separated  by 

rubber    cushion,  and  are  sometimes 

placed  in  lines  running  into    buildings  to 

absorb    vibrations.     As  the  device  is  an 


of  iDnilatora  around  a  pole. 


employed  in  tclaphono  vorlc  to  lupport  a  number 
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Fltf.  47 


48,  are  used  to  insulate  wires  where 
they  pass  through  the  walls  of  build- 
ings. They  are  sometimes  called 
window  tubes  or  weather  protectors. 


insulator  the  line  must  be 
bridged  around  it  as 
shown. 

52.       Porcelain    Tubes: 

Tubes  of  this  material,  Fig. 


Fltf.  48 


53.  Wire  Connectors:  These  are  also  called  wire  joints, 
sleeves,  and  sleeve  connectors.  Those  of  the  Mclntyre  and 
American  types,  Fig.  49,  consist  of  double  tubes  of  the  same 
material  as  the  wires  to  be  joined,  the  tubes  being  brazed 
together.  The  size  of  the  tubes  is  such  that  they  will  just 
slip  onto  the  wires.  After  the  wires  are  in  position  both  con- 
nector and  wires  are  twisted  for  several  turns  as  shown  in  Fig. 
50.  This  operation  causes  the  connector  to  grip  the  wires 
tightly.  For  this  reason  corrosion  does  not  occur,  so  that  a 
good  electrical  contact  is  maintained  without  the  use  of  solder. 
On  this  account  joints  made  with  connectors  are  seldom 
soldered. 

54.  In  case  it  is  desired  to  join  the  end  of  one  wire  to  the 
middle  of  another  without  cutting  the  latter,  connectors  with 
one  of  the  tubes  split,  as  shown  in  the  illustrations,  are  used. 
The  split  tube  is  placed  over  the  throitgh  wire  after  inserting  the 
end  of   the  branch  wire   in  the  other  tube,  and  the  connector 


■■Hi 
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twisted  in  the  regular  manner.     The  operation  of  twisting  has 
the  effect  of  closing  the  split  tube,  and  causing  both  this  and  the 
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other  tube  to  grip  their  respective  wires  tightly. 

55.  When  wires  of  different  sizes  are  to  be  joined  by  connec- 
tors, the  tubes  are  made,  as  shown,  of  corresponding  sizes. 

Connectors  for  iron  and  steel  wires  are  made  of  soft  steel  and 
tinned  to  prevent  rusting. 


Fitf.  AO 


•    Half  connectors,  which  are  one-half  the  length  of  regular  con- 
nectors, are  used  in  certain  cases  which  will  be  described  later. 

56.     Another  type  of  connector  is  the  Cook,  which  consists  of 

a  single  tube  of  special  form,  instead  of  two 
tubes.  Fig.  51  illustrates  two  sections  of  this 
connector,  one  before  and  one  after  twisting, 
showing  how  the  operation  of  twisting  causes 
the  walls  of  the  connector  to  wrap  tightly 
around  the  wires. 

Fig.  52  shows  still  another  type  of  connec- 
Firf.  Ai  tor  known  as  the  Premier,     This  consists  of 

a  single  oval  tube  in  which  both  wires  are  placed.     The  opera- 
tion of  twisting,  as  with  the  other  connectors,  causes  the  walls 
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of  the  tube  to  wrap  tightly  around  and  even  draw  down  into 
the  V-shaped  space  between 
_  the  wires, 

18.     Fig.  53  shows  a  device, 

known   as   a   test   connector, 

which  is  used  for  connecting 

"*•  *3  wires  temporarily.       It  is  de- 

Birable  that  such  connectors  be  constructed  so  that  they  will  not 

nick  the  wires. 


Fig.  54  shows  an  arrester  composed 


59.    Lightning  Arresters 
of    concentric     brass 
tubes  held  apart  by 
porcelain     insulators. 
The  line  wire  is  tied 
firmly  against  the  out- 
side tube  with  a  tie- 
wire  passing  through  ^""  ** 
the  center  of  the  arrester,  while  the  inside  tube  is  grounded  by  a 
copper  wire  soldered  to  its  inside  surface.     The  air  gap  or  spark 
gap  between  the  tubes  furnishes  a  path  to  the  ground,  of  high 


resistance,  but  practically  no  inductive  reactance.  This  ar- 
rester is  designed  to  be  placed  directly  on  the  line  at  a  pole,  as 
shown  in  Fig.  55. 

60.     Fig.  56  shows  a  type  of  arrester  which  consists  of  a  ser- 
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ies  of  rings  with  inwardly  pro- 
jecting points,  mounted  con- 
centric with  a  cylindrical  core  of 
carborundum,  so  as  to  leave  a 
small  air  gap  between  the  points 
and  the  core.  The  rings  are 
punched  from  sheet  metal  and 
are  placed  on  top  of  one  another. 
Every  other  ring  is  made  of 
aluminum,  those  located  be- 
tween being  made  of  brass.  On 
top  of  the  rings  an  aluminum 
cover  plate  is  placed,  an  air  gap 
being  provided-  between  it  and 


core  and  the  cover  plate. 
The  bottom  disk  is  pro- 
vided with  two  projecting 
ears,  as  shown  in  the  dia- 
gram, Fig.  57,  connecting 
to  binding  posts.  By 
means  of  one  of  these  bind- 
ing posts  the  disks  may  be 
connected  to  the  line,  while 
the  core  is  connected  to 
the  ground  by  means  of 
another  binding  post.  The 
diagram.    Fig.    58,    shows 


the  top  of  the  core,  which 
is  moulded  to  form  a  series 
of  upwardly  project  ing 
points.  The  metal  rings  are 
fastened  together  with 
suitable  bolts,  which  also 
hold  the  cover  in  posi- 
tion, and  a  perforated 
mica  disk  is  placed 
between    the    top    of    the 
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the  arresters  connected  tn  series  with  the  line  and  employing  fuses. 

The  ■  arrester 
just  described 
provides  a  path 
to  the  ground  of 
high  resistance 
and  little  induc- 
tive reactance, 
and  in  addition 
tends  to  extin- 
guish any  arc 
that  may  follow 
a  discharge. 

61.  Light- 
ning arresters 
may  be  mounted 
in  a  weather- 
proof    iron     or 

wood  box  placed  '"■  *® 

on  the  pole  or  cross-arms.     An  iron  box  for  this  purpose  is  shown 
in  Fig.  59. 

62.  Fig.  60  shows  a  lightning  ar- 
rester of  the  choke  coil  type.  It 
consists  of  several  turns  of  tinned 
copper  wire  1,  wound  on  a  porcelain 
tube  2,  which  contains  a  soft  iron  core 
3.  A  ground  plate  4  is  provided 
which  affords  a  path  from  the  coil 
through  the  air  gap  to  the  ground. 

63.  The  ground  wire  from  a  light- 
ning arrester  may  be  connected  to 
the  earth  by  means  of  a  ground  plate 

1  as  described  in  Magnetism  and  Elec- 

tricity.    This  plate  should  be   made 
of  a  sheet  of  annealed  copper  at  least 
SECTION  *v-/"L  1^  '°-   square  and  Vr  '"■   thick.     A 

bare  copper  wire  from   10  to  20  ft. 
''"•  *"  long,  not  smaller  than   No.  6  B.  &  S. 
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G.,  is  soldered  or  brazed  to  the  plate,  and  the  plate  and   wire 
thoroughly  tinned  to  prevent  corrosion. 

64.  Another  method  of  making  a  ground  connection  is  to 
drive  a  pipe  or  rod,  Fig.  61,  into  the  earth,  and  connect  and  sold- 
er the  ground  wire  to  it.     The  pipe  or  rod   should   be   of   gal- 
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vanized  iron  about  5  to  8  ft.  long.     Either  1  in.  pipe,  or  rod  from 
i  to  1  in.  in  diameter  may  be  used. 

65.  Tapes:  Several  different  kinds  of  tape  are  used  in  mak- 
ing joints  in  insulated  wires. 

66.  Friction  tape  consists  of  a  cloth  strip  impregnated  or 
filled  with  an  adhesive  compound.  The  better  grades  of  this 
tape,  such  as  Grimshaw  and  Manson  are  filled  with  a  rubber  com- 
pound, while  the  lower  priced  tapes  are  filled  with  a  non-rubber, 
weatherproof  compound. 

67.  Rubber  tape  is  made  in  several  different  varieties.  Among 
these  may  be  mentioned  pure  rubber  splicing  strips.  These, 
as  their  name  implies,  are  strips  of  pure  sheet  rubber  containing 
no  sulphur.  Rubber  tape,  sometimes  called  rubber  compound, 
such  as  Okonite  tape,  is  made  of  a  rubber  compound  without 
fabric,  which  when  heated  slightly,  as  by  the  warmth  of  the  hand 
or  a  lighted  match,  adheres  strongly  forming  practically  a  solid, 
moisture-proof  mass. 

68.  Kerite  tape  consists  of  a  cloth  strip  heavily  coated  with 
a  rubber  compound  and  is  designed  to  take  the  place  of  both 
rubber  tape  without  fabric  and  friction  tape.  It  has  long  life 
and  the  property  of  congealing  together  to  make  a  water-tight 
joint. 

69.  Liquid  Insulating  Materials:  Rubber  cement  is  simply  pure 
gum  rubber  dissolved  in  a  suitable  solvent.  P.  &  B.  electrical 
compound  consists  of  insulating  materials  dissolved  in  a  solvent 
that  evaporates  rapidly,  leaving  a  hard,  glossy,  adherent  coat- 
ing, that  is  claimed  to  be  moisture,  acid,  and  alkali  proof. 
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P.  {&  B.  black  air  drying  varnish  drys  in  about  30  min.,  forming 
a  tough  elastic  coating  that  repels  water,  sleet  and  snow. 

CONSTRUCTION  TOOLS 

70.  Excavating  and  Earth-handling  Tools:  The  following  tools 
are  generally  employed  for  digging  holes: 

The  digging  bar*  is  used  for  loosening  hardened  earth,  gravel, 
etc.,  and  is  made  of  1  or  1 J  in.  octagonal  steel  from  6  to  8  ft. 
long.     Similar  tools  for  the  same  purpose  are  known  as  the  Iqy 
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and  spud  digging  tools,  Figs.  62  and  63.     Round  pointed  shovels* 

with -5  and  7  ft.  straight  handles  and  post  hole  spoons,  Fig.  64, 
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with  8  ft.  handles,  are  used  for  removing  earth  from  the  hole. 
In  certain  kinds  of  soil,  which  will  allow  their  use,  post  hole  aug- 
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ers*  afford  a  quick  way  of  digging  holes.  Short  handle  shovels* 
are  used  when  starting  holes  and  together  with  tamping  bars** 
Fig.  65,  are  used  for  filling  in  around  erected  poles. 


Fltf.  65 

71.    Pole  Erecting  Tools:  The  following  tools  are  those  gen- 
erally used  in  erecting  poles: 


Fitf.  66 

Pike  poles,  Fig.  66,  are  wooden  poles  If  to  2^  in.  in  diameter, 


*See  Took. 

**Al9o  called  tamper  and  rammer,  see  Took. 
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and  varying  in  length  from  12  to  18  ft.     They  are  provided 
with  a  pike  of  pointed  steel  at  one  end,  projecting  about  3i  in.. 
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this  end  of  the  pole  being  prevented  from  splitting  by  a  ferrule. 
The  raising  fork,  Fig.  67,  may  be  used  instead  of  a  pike  pole. 
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72.     The  pole  support  or  dead  man,  Fig.  68,  is  constructed 

of  a  strong  oak  or  hickory  pole  6  to  8 
ft.  long,  provided  with  an  iron  fork  at 
one  end  with  a  sharpened  projection  in 
the  center  to  prevent  slipping.  The 
other  end  is  protected  by  a  ferrule  and 
sometimes  armed  with  a  spike.  An- 
other type  known  as  the  jenny  pole  sup- 
port is  shown  in  Fig.  69. 

73.  The  cant  hook,  Fig.  70,  used  for 
rolling  or  turning  poles,  consists  of  a 
maple  or  hickory  handle  about  4^  ft. 
long,  to  which  a  steel  swing  hook  is  piv- 
oted at  a  point  about  one  foot  from  the 
end.  A  ferrule  provided  with  a  steel 
Fii.  69  spur,  facing  the  point  of  the  hook,  is 

placed  around  the  end  of  the  handle. 
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74.  The  peavy  is  a  tool  sim- 
ilar to  the  cant  hook,  with  the 
exception  that  the  steel  spur 
projects  in  line  with  the  hand-  Firf.  70 

le,  instead  of  facing  the  hook. 

75.     The  lifting  and  carry- 
ing hook,  Fig.  71,  is  used  when 
poles  have  to  be  carried  a  short 
distance.     The  handle  is  from 
rtrf.  71  4  to  7  ft.   long.     The  hooks, 

which  are  sometimes  provided  with  a  swivel  bearing  at  the  point 
where  they  are  attached  to  the  handle,  take  hold  of  the  pole  as 
the  handle  is  raised  by  two  men. 

76.  Wood  Working  Tools:  The  tools  used  for  such  carpen- 
ter work  as  is  required  in  preparing  poles  for  cross-arms,  etc., 
are  a  hand  cross-cut  saw,  preferably  a  small  one,  chisel,  mallet, 
long  bit  and  brace,  and  hatchet.*  A  large  cross-cut  saw,*  oper- 
ated by  two  men,  is  usually  required  if  poles  must  be  sawn 
through  in  order  to  square  the  butts,  or  change  the  length. 

77.  Wire  Stringing  Tools:  The  following  are  some  of  the 
more  important  of  the  various  tools  and  devices  used  for  run- 
ning and  stretching  wire. 

78.  Pay-out  reels.  Fig.  72,  are  used  to  support  the  coil  of 
wire  and  allow  it  to  turn,  so  that  the  wire  may  be  unwound  with- 
out kinking.  Two  of  the  up- 
right iron  rods  are  removable 
to  allow  the  coil  to  be  put  in- 
to place. 

The  illustration  shows  the 
reel  mounted  on  a  hand  har- 
row, so  that  it  may  be  carried  rirf.  72 
readily.     Carrying  straps  running  from  the  shoulders   to  the 
handles  are  sometimes  used  to  aid  in  supporting  the  barrow\ 
Various  other  forms  of  reels  are  employed,  but  the  principle  is 
the  same  in  all. 

79.  The  running  board,  Fig.  73,  is  a  device  sometimes  used 
for  stringing  wires.     It  consists  of  a  piece  of  tough  timber  about 


*See  Took. 
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as  long  as  a  cross-arm,  which  is  provided  with  holes  as  shown, 

about  the  same  dis- 
tance   apart    as    the 
cross-arm     pins,     by 
Firf.  73  means   of  which   the 

wires  may  be  attached.     The  running  board  is  pulled  from  pole 
to  pole  drawing  the  wires  after  it  by  means  of  a  rope  running  over 

the  cross-arms  and  attached  to  the 
board  at  its  center. 

The  line  wire  triangle,  Fig.  74,  is 
a  device  made  of  steel  and  intended 
to  serve  the  same  purpose  as  the  run- 
ning board. 

80.  Come-alongs,  Buffalo  and 
other  grips,  wire  clamps,  stretchers, 

etc.,*  are  different  tools  for  accom- 
plishing the  same  purpose,  that  is 
gripping  a  wire  so  that  it  may  be 
pulled  to  the  proper  tension,  the 
Buffalo  grip,  Fig.  75,  being  an  ex- 
ample. They  are  portable  quick  act- 
ing clamps,  which  may  be  easily  at- 
Firf.  74  tached  to  or  released  from  a  wire. 

In  the  best  forms  they  do  not  nick  or  otherwise  injure  the 
wire  or  its  insulation.  The 
Buffalo  grip  is  sometimes  pro- 
vided with  curved  jaws  for 
use  with  insulated  wire,  thus 
providing  a  greater  contact 
surface,  and  lessening  the  ten- 
dency to  flatten  the  insulation. 

81.     For  the  purpose  of  applying  the  necessary  tension,  some 

form  of  tackle  is  or- 
dinarily used,  such  as 
a  pair  of  small  tackle 
blocks,**  Fig.  76, 
furnished  with  a  suit- 
able rope,  usually  f 
in.,  rove  through  the 
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*The  term  come-along  is  often  applied  in  a  general  way  to  any  tool  of  thia  type. 
**See  Took. 
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pulleys,  and  provided  with  hooks  by  means  of  which  they  naay 
be  connected  to  a  come-along  and  a  support,  such  as  an  insulator 
pin  placed  in  a  cross-arm.  This  is  called  a  slack  tackle.  -  Where 
wires  extending  in  opposite  directions  are  to  be  pulled  up,  two 
come-alongs,  each  iitted  with  a  double  pulley  and  connected  to- 
gether by  a  suitable  rope,  are  frequently  used. 

82.  A  strap  running  over  rollers.  Fig,  77,  is  frequently  used 
Id  place  of  rope  tackle. 
The  hook  shown  in  this  il- 
lustration is  provided  with 
a  swivel,  and  is  intended 
to  be  placed  around  an  in-  ""'  " 

sulator  pin  when  the  tool  is  used.  A  catch  is  sometimes  added 
to  the  tackle,  so  that  when  the  proper  tension  has  been  obtained, 
the  strap  may  be  locked  in  po- 
sition until  released  by  the 
lineman.  When  fitted  in  this 
way  the  device  is  known  as 
Howe's  wire  tool. 

S3. '  The  lineman's  or  hand 
vti.  78  vise,  Fig,  78,  is  a  convenient 

tool  for  obtaining  a  secure  hold  on  a  wire,  and  also  for  holding 
wires  when  mak- 
ing joints.  It  is 
often  used  with  a 
strap,  as  shown  in 
Fig.  79,  to  pull  up 
wires,  and  is  then 
known  as  a  strap  vise. 

84.     In  case  it  is  desired  to  measure  the  tension  that  is  applied 
to  a  wire,  a  line  dynamometer,  Fig.  80,  which  is  a  form  of  spring 
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balance,  may  be  placed  between  the  tackle  and  come-along. 
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85.  A  hand  line  is  simply  a  piece  of  good  rope,  usually  ^  in. 
in  diameter  by  about  75  ft.  long. 

86.  Block  and  tackle  for  applying  the  proper  tension  to  guy 
wires,  etc.,  generally  consists  of  two  blocks  with  two  or  three 
sheaves  each,  joined  by  a  i  in.  or  J  in.  rope,  depending  on  the 
character  of  the  work. 
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87.  Climbers  are  made  in  two  different  styles  known  as 
Eastern  climbers.  Fig.  81, 
and  Western  climbers.  Fig.  82. 
They  are  fastened  to  the  legs 
with  straps  and  are  used  in 
climbing  poles,  trees,  etc. 
In  use  a  hold  is  obtained  by 
driving  the  spur  into  the  wood 
with  a  downward  thrust  of 
the  leg,  the  body  being  held 
out  at  arms  length  from  the 
pole,  which  is  clasped  in  the 
palm  of  the  hands. 

Eastern  climbers  are  made 
in  lengths  of  from  15  to  18  in. 
by  i  in.  variations  and  West- 
ern climbers  from  14  to  19  in. 
by     i     in.    variations.     The  f«.  81  fi^.  82 

Eastern  pattern  should  fit  the  foot  so  as  not  to  strike  the  ankle, 
as  otherwise  it  may  throw  the  leg  so  that  the  spur  will  lose  its 
hold. 

88.  Fig.  83  shows  straps 
for  the  Eastern  climbers  and 
Fig.  84  those  for  the  Western 
climbers.  In  the  latter  pat- 
tern the  spur  passes  through 
the  ring  in  the  lower  strap, 
which  is  also  known  as  a  foot 
strap.  The  lower  straps  are 
sometimes  made  with  the 
buckles  at  an  angle  so  as  to 
fit  the  foot  better.    The  up- 
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per  straps  are  provided  with  pads  to  protect  the  legs  where  the 
climbers  bear  against  or  pull  on  them. 

89.  The  lineman's  belt  with  the  safety 
strap,  Fig.  85,  serves  as  a  means  of  carry- 
ing tools,  and  aids  in 
maintaining  a  position  on 
a  pole.  The  plier  pocket, 
Fig.  86,  slips  on  the  belt 
and  affords  a  convenient 
means  of  carrying  pliers, 
while  the  leather  pouch, 
Fig.  87,  which  also  slips  on 
the  belt,  is  desirable  for 
carrying  screws  and  other 
small  pieces. 
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90.  Pliers*  are  used  for 
holding  and  cutting  wire 
and  are  made  in  various 
sizes  from  5  to  10  in.,  the  larger  sizes  being  used 
on  heavy  wire.     They  are  made  with  jaws  of  pii.  87 

various  shapes  to  adapt  them  to  different  kinds  of  work. 

Fig.  88  shows  side  cut- 
ting pliers  which  are  pro- 
vided with  grooves  in 
the  handles  near  the 
joint  so  that  they  may 
be  used  to  twist  wire  con- 
nectors. Plier  handles 
Firf.  88  are  frequently  insulated 

with  mica  or  rubber  to  reduce  the  danger  in  working  on  live 
wires. 

91.     Splicing  clamps,  Fig.  89,  are  used  for  twisting  tuire  con- 
nectors,   one    clamp   being 
placed  on  one  end  of  the 
connector  and  the  pliers  or 
splicing   wrench.   Art.   92,  ***<•  *® 

on  the  other  end.      They  are  made  with  different  sized  jaw  open- 


^SeeTook. 
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ings  to  accommodate  connectors  of  different  sizes.  They  are 
also  made  with  jaw  openings  shaped  to  hold  the  wires  in  making 
a  joint  of  the  Western  Union  type. 

Splicing  clamps  are  made  in  two  ways.  In  the  style  shown 
in  the  illustration  both  sides  of  the  jaws  are  utilized,  the  hinge 
being  arranged  so  that  the  handles  may  be  swung  around  or  re- 
versed, to  bring  the  outer  grooves  inside.  In  the  other  style 
only  one  side  of  the  jaws  is  provided  with  grooves  and  the  handles 
are  not  reversible. 

92.    Splicing  wrenches,  Fig 
90,  are  used  with  the  splicing 
clamp  in  making  wire  joints 
^^^'  ®®  of  the  Western  Union  type. 

They  are  also  made  with 
openings,  as  shown  in  Fig.  91, 
so  that  they  may  be  used  in 
conjunction  with  the  splicing 
clamp  for  twisting  connect- 
ors. 
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93.  Tie  wire  wrenches.  Fig. 
92,  are  used  in  coiling  tie 
wires,  at  insulators,  around 
the  line  wires. 


94.     The  electrician's  knife,  Fig.  93,  is  a  convenient  tool  for 
stripping  off  insulation,  cleaning  wire,  etc. 
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Another  tool  for  stripping  in- 
sulation from  small  wires  is 
the  Perry  wire-peeler  shown  in 
Fig.  94. 
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95.  Fig.  95  shows  two  styles 
of  lag  screw  wrenches. 

96.  Wire  meters  or  wire 
measuiing  machines,  Fig. 
are  convenient  when  it 


essary  to  measure  large 
amounts  of  wire.  The  wire 
is  passed  between  rollers  in 
the  meter,  these  being  self 
adjusting  to  take  wires  of 
different  sizes.  The  roll- 
ers drive  the  registering 
mechanism  which  indicates 
the  number  of  feet  that 
pass  between  them. 


97.       Take-up      Reels: 
rti,  96  When  wire  is  taken  down 

and  is  to  be  preserved,*  it  should  be  wound  into  a  coil,  which 
may  be  conveniently  done  by  means  of 
a  take-up  reel.  Fig.  97.  These  are  made 
in  various  sizes  from  18  to  24  in.,  in 
diameter,  and  are  constructed  so  that 
the  guides  on  one  side  may  be  detached 
to  allow  the  coil  to  be  removed, 

98.  The  tree  trimmer,  Fig.  98,  is  a 
tool  for  conveniently  reaching  and  cut- 
ting branches  from  trees.  It  is  attached 
to  the  end  of  a  pole  and  the. branches  are  pi^.  97 

either  cut  with  a  knife  by 

pulling  a  wire  attached  to 

the  lever  or  if  too  large  to 

I  fit  into  the  hook,  they  are 

'  cut  by  means  of  the  saw. 

The  saw  is  usually  detacha- 

f'i  9»  ble  BO  that  the   trimmer 

may  be  used  without  it.    Trimmers  are  also  made  without  the  saw 

attachment. 
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99.  Pole  Line  Diagrams:  These  are  drawings  whose  purpose 
is  to  furnish  the  necessary  information  to  linemen,  as  to  how  to 
run  the  wires  when  lines  are  being  constructed.  They  also  as- 
sist maintainers,  after  the  lines  have  been  constructed,  in  trac- 
ing circuits  and  locating  faults.  They  are  especially  useful  where 
a  large  number  of  wires,  or  complicated  circuits  are  employed. 

100.  Pole  line  diagrams  are  made  up  from  circuit  plans,  and 
in  many  instances  are  made  a  part  of  them.  When  separate, 
and  also,  if  necessary,  when  part  of  the  same  drawing,  the  wires 
are  given  the  same  numbers  or  letters,  as  those  appearing  on  the 
circuit  plans,  so  that  corresponding  wires  may  be  easily  identified. 

101.     There  are 
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a  number  of  differ- 
ent ways  of  mak- 
ing pole  line  dia- 
I  grams.  In  one  of 
these,  as  illustrated 
in  Figs.  99  and  100, 
a  view  of  a  pole  top 
is  given,  and  the 
I  position  of  each 
wire  shown.  In 
Fig.  99  the  func- 
tion performed  by 
each  wire  is  noted 
above  it,  as  well  as  the  ivire  number,  while  in  Fig.  100  the  same 
information  is  given  in  a  table.  In  some  instances,  where  no 
system  of  wire  numbering  is  in  use,  the  function  is,  of  course, 
all  that  can  be  given. 

102.  The  word  ''NORTH",  appearing  at  the  left.  Fig.  99, 
shows  that  the  general  direction  of  the  line  is  east  and  west,  and 
that  the  view  is  taken  from  the  west  side  of  the  pole.  In  Fig. 
100,  similar  information  is  conveyed  by  the  words  "LOOKING 
NORTH",  which  indicate  that  the  general  direction  of  the  line 
is  north  and  south  and  that  the  view  is  taken  from  the  south  side 
of  the  pole. 

103.  Pole  Numbering.     The  notation  at  the  bottom  of  Fig. 
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99  represents  a  system  of  numbering  poles,  commonly  used  to 
indicate  the  location  to  which  a  diagram  applies,  and  which  is 
employed  to  a  considerable  extent  by  telegraph  companies,  on 
whose  poles  the  signal  wires  are  frequently  placed.  The  mile- 
posts  form  the  basis  of  this  system.  The  pole  number  is  divided 
into  two  parts,  either  by  a  decimal  point  as  shown,  or  by  a  dash; 
the  mile-post  number  being  given  first  and  then  the  number  of 
the  pole,  counting  from  the  mile-post.  For  example,  if  the  start- 
ing point  of  the  mile-posts  is  at  the  easterly  end  of  the  road,  pole 
No.  34.18  would  be  the  18th  pole  west  of  the  34th  mile-post.  It 
is  customary  to  have  the  pole  number  painted  on  every  fifth 
pole  in  black  figures  upon  a  white  background,  the  figures  being 
arranged  vertically  and  a  horizontal  line  separating  the  two 
parts  of  the  number. 
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104.  Other  systems  of  numbering  are  of  course  available,  es- 
pecially on  short  lines.  For  instance,  beginning  at  one  end  of 
the  line,  the  poles  may  be  numbered  consecutively;  or  beginning 
at  the  tower  of  an  interlocking  plant,  making  the  junction  pole 
at  the  tower  0,  they  may  be  numbered  consecutively  from  it  in 
all  directions,  as  N-1,  N-2,  etc.,  on  a  line  running  north,  and  E-1, 
E-2,  etc.,  on  a  line  running  east. 

105.  Another  method  of  giving  the  locations  on  pole  line  dia- 
grams, is  by  the  use  of  chaining  stationsy  as  shown  in  Fig.  100. 

Other  means  of  designating  the  location  to  which  the  diagram 
applies  are  sometimes  satisfactory,  such  as  Between  Sig,  5,7  and 
Sig.  6,4.*  or  Between  Towers  DA  and  FY. 


^Automatic  block  signals  are  usually  numbered,  as  will  be  described  later  in    D.  C 
Block 
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106.  The  meth- 
od just  described, 
of  making  pole  line 
diagrams,  is  e s- 
pecially  satisfacto- 
ry when  the  wires 
maintain  the  same 
positions  on  a  num- 
ber of  successive 
poles.  When  any 
of  the  wires  change 
their  position  in 
the  line,  another 
diagram  is  made. 
In  some  instances 
a  collection  of  these 
diagrams,  cover- 
ing a  certain  length 
of  the  line,  are  ar- 
ranged in  their 
proper  order  to 
form  a  small  book. 
Diagrams  of  this 
kind  are  in  some 
cases  drawn  along 
side  the  wiring  on 
circuit  plans. 

107.  Fig.  101  il- 
lustrates another 
method  of  making 
pole  line  diagrams. 
This  diagram  is 
made  in  the  form  of 
a  plan  or  map  of  the 
wires  and  cross- 
arms,at  poles  where 
the  wires  change 
their  positions. 
The  wire  designa- 
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tions  appear  above  the 
wires,  and  the  size  of  each 
wire  is  given  at  its  ends. 

108.  Diagrams  of  this 
type  are  sometimes  drawn 
on  the  same  sheet  as  cir- 
cuit plans,  the  method  of 
combining  them  being  il- 
lustrated in  Figs.  102-105. 
In  these  illustrations,  the 
cross-arms  at  each  change 
or  break  in  the  line  are 
indicated.  In  Figs.  102 
and  104,  the  leads  from 
the  line  to  the  instruments 
are  drawn  at  the  most  con- 
venient points,  although 
these  may  be  some  distance 
from  the  cross-arms.  This 
does  not  show  where  these 
connections  are  actual- 
ly made,  but  merely  in- 
dicates to  which  wires  the 
leads  are  attached,  con- 
nections being  made  at 
the  pole.  In  Fig.  103,  the 
leads  are  carried  out  obli- 
quely from  the  insula- 
tors; while  in  Fig.  105,  the 
double  cross-arms  are 
drawn  sufficiently  far  apart 
to  allow  the  leads  to  be 
carried  out  between  them. 

109.  In  diagrams  of  the 
type  illustrated  in  Figs. 
101-105,  the  pole  locations 
may  be  given  opposite 
each  pole.  This  is  in  many 
instances   unnecessary. 
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however,  as  the  location  is  made  sufficiently  clear  by  the  posi- 
tions of  buildings,  such  as  towers,  crossing  cabins,  stations, 
etc.;  or  switches,  signals,  etc. 

The  principal  dimensions.  Fig.  102,  sometimes  appear  on 
the  plans  and  in  some  cases  the  mile  posts  are  given,  thus  con- 
veying information   regarding   locations. 


Fitf.  106 

110.  Another  type  of  pole  line  diagram,  which  may  be  con- 
sidered a  combination  of  the  two  types  already  described,  is  il- 
lustrated in  Fig.  106.  In  this  method  an  intermediate  pole 
top,  between  the  points  where  changes  in  the  line  occur,  is  drawn 
with  the  cross-arms  at  such  an  angle,  that,  as  the  wires  cross 
them,  they  will  touch  their  proper  insulators. 
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111.  When  making  up  pole  line  diagrams  it  is  desirable  to 
first  fill  the  spaces  on  the  upper  arms,  the  spare  pins  or  spaces 
being  left  on  the  lower  arms  for  future  use.  When  determining 
the  position  of  the  wires  on  the  arms,  they  should  if  possible  be 
balanced,  that  is,  as  much  weight  placed  on  one  side  of  the  pole 
as  on  the  other.  This  applies  principally  to  the  lower  arms, 
when  left  with  spare  spaces. 

112.  Location  of  Line:  In  many  cases  signal  wires  are  run 
on  telegraph  poles,  which  have  already  been  located  along  a 
railroad.  It  is  occasionally  necessary,  however,  to  erect  a  line 
separate  from  the  telegraph  line.  Such  a  line  should  be  as  short 
and  straight  as  practical,  the  poles,  of  course,  being  placed  on 
railroad  property  where  possible.  It  is  desirable  that  the  wires 
should  be  visible  from  passing  trains,  so  that  their  general  con- 
dition may  be  observed  when  riding  over  the  railroad.  The  line 
should  cross  the  track  as  few  times  as  possible,  and  guys  across 
the  tracks,  highways,  etc.,  should  be  avoided. 

113.  It  is  generally  desirable  to  run  the  line  parallel  with  the 
track,  setting  the  poles  at  a  uniform  distance  from  the  nearest 
rail.  Usually  there  is  a  standard  minimum  distance,  which  gov- 
erns the  space  between  the  poles  and  the  track.  This  in  one  case 
is  10  ft.  from  the  center  line  of  the  track  to  the  center  of  the  pole. 
Care  should  be  taken  to  keep  the  ends  of  the  cross-arms  a  suf- 
ficient distance  outside  of  the  minimum  clearance  line,  to  pre- 
vent their  causing  injury  to  trainmen.  When  it  is  undesirable 
to  increase  the  height  of  the  line,  this  may  be  accomplished  by 
the  use  of  side  arms. 

114.  If  it  is  necessary  to  run  a  line  over  property  which  does 
not  belong  to  the  railroad  company,  suitable  rights  of  way  must 
be  obtained.  These  should  include  permission  to  erect  the  re- 
quired poles,  guy  stubs,  and  guys;  to  make  necessary  attach- 
ments to  buildings  or  other  property;  to  string  wires;  and  to 
trim  interfering  trees  and  shrubbery,  as  may  be  essential  to  the 
proper  working  of  the  line. 

115.  Spacing  and  Distributing  Poles:  Before  starting  on  the 
erection  of  poles,  the  location  of  each  pole  is  determined  by  meas- 
urement and  located  by  a  stake,  the  space  between  poles  being 
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according  to  requirements.     Stakes  may  also  be  driven  to  locate 
the  proper  position  of  guys  or  braces. 

116.  In  locating  poles,  when  the  line  cannot  be  run  parallel 
with  the  track,  it  will  be  found  of  assistance  to  place  two  long 
stakes  at  a  considerable  distance  apart,  along  the  line  to  be  fol- 
lowed, and  then  to  drive  the  stakes  indicating  pole  positions  in 
line  between  the  long  stakes.  Stakes  at  pole  positions  are  marked 
with  the  height  of  the  pole  and,  if  the  pole  is  to  be  guyed,  this 
fact  may  be  indicated,  and  also  whether  an  anchor  hole  or  stub 
hole  is  to  be  dug. 

117.  On  straight  sections  it  is  considered  good  practice  to 
locate  the  poles  at  equal  distances  of  about  176  ft.,  which  cor- 
responds to  30  poles  per  mile,  when  the  number  of  wires  in  the 
line  does  not  exceed  six.  This  space  is  reduced  to  132  ft.,  cor- 
responding to  40  poles  per  mile,  when  more  than  six  wires  are 
used.  When  the  number  of  wires  will  never  exceed  two,  spaces 
of  about  264  ft.,  or  20  poles  per  mile,  may  be  used.  The  dis- 
tances are  measured  off  without  regard  to  obstacles,  the  poles 
being  located  as  near  the  stakes  as  possible. 

118.  On  curves  and  corners  the  number  and  location  of  the 
poles  should  be  such  as  to  secure  the  proper  strength.  The 
following  table  gives  some  data  for  various  lines : 


Span**  in  Feet 


Amount  of  Pull* 

Bracket  or 

Heavier 

in  Feet 

6  Wire  Linef 

Lines 

1  to    4 

176 

130 

5  to    9 

165 

120 

10  to  14 

150 

110 

15  to  19 

135 

100 

20  to  24 

120 

90 

25  and  over 

100 

75 

119.  Whenever  the  pull.  Fig.  107,  on  a  one  pole  corner  would 
be  more  than  25  ft.,  the  corner  should  be  made  on  two  poles,  as 
shown  in  Fig.  108  at  B. 


*See  Fig.  107. 

**Di8tance  between  i>ole8. 

t  A  line  having  one  six  pin  cross-arm  on  each  pole. 
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120.     At  line  terminals,  with  a  bracket  .--t^.'' 

or  six  wire  line,  the  last  span  at  the  end  ^--''''  *******^ 

of  the  line  should  not  be  over  100  ft.,     punon  poi«x  «»  di»tanc«-A. 
and  for  heavier  lines  not  over  75  ft.  ru.  107 

121.  When  it  is  necessary  to  use  a 
long  span,  as  in  crossing  a  river,  if  the 
distance  is  250  ft.  or  over  for  a  bracket 
or  six  wire  line,  or  200  ft.  or  over  for  a 
heavier  line,  the  span  on  each  side  of 
the  long  span  should  not  be  over  100 
ft.,  or  75  ft.  respectively. 

Fltf.  108 

122.  In  distributing  the  poles,  those  that  are  heaviest  and 
most  substantial  are  placed  at  corners,  curves,  terminals,  and 
long  spans,  and  the  longest  poles  are  used  in  depressions,  and  the 
shortest  on  elevations,  so  as  to  compensate  as  far  as  possible  for 
changes  in  the  level  of  the  ground. 

In  general  short  poles  should  be  used,  the  minimum  height 
being  determined  by  the  clearance  required  between  thfe  lowest 
wires  and  the  ground,  which  should  be  at  least  12  ft.,  and  by  the 
number  of  cross-arms.  Long  poles  should  be  employed  only 
to  clear  obstacles,  and  avoid  abrupt  changes  in  the  level  of  the 
line.  Wires  should  clear  obstacles  by  at  least  2  ft.,  and  prefer- 
ably 4  ft. 

123.  When  lines  run  above  or  across  railroads,  highways, 
buildings,  etc.,  it  is  necessary  to  have  a  specified  clearance.  Vai- 
ious  railroad  companies  have  different  standards  for  this  cleai- 
ance,  which  is  generally  at  least  22  ft.  between  the  lowest  point 
of  the  line  and  the  tops  of  the  rails.  In  the  case  of  highways, 
it  is  customary  to  require  that  the  lowest  point  of  any  line  shall 
be  at  least  18  ft.  above  the  highway  or  sidewalk. 

When  lines  cross  buildings,  the  National  Board  of  Fire  Under- 
writers specify  that  the  wires  be  at  least  7  ft.  above  the  highest 
points  of  flat  roofs,  and  at  least  one  foot  above  the  ridges  of 
pitched  roofs,  over  which  they  pass  or  to  which  they  are  at 
tached. 

124.  Digging  Holes:  Holes  for  poles  should  be  large  enough 
in  diameter,  so  that  the  pole  may  be  placed  in  position  without 
hewing,  and  should  be  full  size  at  the  bottom,  to  permit  the  use 
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of  an  iron  tamping  bar  after  the  pole  is  in  position.  The  depth 
of  the  hole  is  governed  by  the  height  of  the  pole,  the  following 
table  giving  the  depths  ordinarily  used. 


^•^J^"'' 

D^U.^^™.d. 

D«ptb 

■"fSI""^ 

18 

{% 

on  stiaight  lines 

} 

3 

20 

22 

3 
3 

25 
30 
36 

Si 

3 

40 
45 
50 

8) 

4 

125.  Holes  are  usually  dug  by  loosening  the  ground  with  a 
digging  bar,  and  removing  it  with  a  shovel  or  digging  spoon. 
Certain  kinds  of  soil,  free  from  stones  and  not  too  hard,  allow  the 
use  of  the  post  hole  auger,  by  means  of  which  holes  may  be  dug 
very  rapidly.  In  rock  and  frozen  ground,  it  may  be  necessary 
to  break  up  the  material  to  be  removed  by  the  use  of  dynamite.* 
This  should  be  done,  however,  only  by  an  experienced  person. 
Holes  which  have  to  be  left  open  over  night  or  for  a  longer  per- 
iod should  be  covered,  if  necessary,  to  prevent  accidents. 

126.  Gaining  and  Trimming  Poles:  Before  poles  are  erected 
they  are  cut  or  provided  with  gains 
to  receive  the  cross-arms,  as  shown 
in  Fig.  109,  and  the  necessary  holes 
bored  for  bolts,  ^  in.  holes  being  con- 
sidered good  practice  for  |  in.  bolts 
and  fg  in.  holes  for  J  in.  bolts. 
Gains  should  be  cut  true  and  square, 
so  that  cross-arms  will  fit  accurately, 
stand  at  right  angles  to  the  poles,  and 
line  up  with  one  another,  the  last  re- 
quirement being  obtained  by  plac- 
ing straight  edges  in  the  gains  and 
sighting  from  one  to  the  other.  Care 
should  be  taken  to  cut  the  gains  so 
that  any  bend  in  the  pole  will  show 
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I 


L.1, 


FU. I09 


44 


LINE  CONSTRUCTION 


least,  when  viewed  in  the  direction  of  the  line.  The  depth  of 
gains  should  not  be  greater  than  ^  in.  when  braces  are  used  and 
generally  should  not  exceed  IJ  in. 

127.  All  bark  and  soft  wood  is  carefully  removed  from  the 
pole,  knots  trimmed  closely  and  smoothly,  butts  squared,  and 
the  top  roofed,*  if  that  work  has  not  been  done  previously. 
Finally  the  roof  and  each  gain  is  given  from  one  to  three  coats  of 
white  lead,  or  other  paint  suitable  for  this  purpose.  If  a  bolt 
hole  is  bored  in  a  gain  at  which  an  arm  is  not  to  be  attached,  the 
inside  of  the  hole  should  be  given  a  coat  of  paint. 

128.  Ringing:  This  is  accomplished  by  shaving  the  top  of 
the  pole  so  that  the  ring  may  be  driven  into  place,  1  in.  below 
the  base  of  the  roof.  The  ring  is  then  secured  by  four  six-penny 
galvanized  wire  nails,  driven  directly  above  it  and  spaced  equally. 

129.  In  some  cases  the  top  of  the  pole  is  left  flat  instead  of 
being  roofed,  so  that  it  may  be  equipped 
with  an  insulator  pin,  Fig.  110,  a  pole  ring 
being  placed  around  the  top  of  the  pole  to 
prevent  it  from  splitting. 


130.  Ground  Wires:  When  this  form 
of  protection  is  used  one  pole  in  a  certain 
number,  for  example  varying  from  every 
pole  to  every  tenth  pole,  should  be  equip- 
ped, before  it  is  erected,  with  a  ground  wire. 
This  may  serve  in  addition  as  a  lightning  pi^.  i  lo 

rod.  No.  6  B.  W.  G.  galvanized  iron  wire  is  suitable  for  this  pur- 
pose, and  is  attached  to  the  pole  with  2  in.  galvanized  iron  sta- 
ples, spaced  2  ft.  apart.  It  should  extend  the  entire  length  of 
the  pole  and  to  produce  a  better  ground  should  be  provided  at 
the  bottom  with  two  turns,  placed  so  that  they  will  come  under- 
neath the  butt  when  the  pole  is  in  position;  or  the  ground  wire 
may  be  connected  to  a  ground  rod  or  plate,  after  the  pole  is 
erected.  To  serve  as  a  lightning  rod  the  wire  is  extended  at 
least  12  in.  above  the  top  of  the  pole,  and  is  often  sharpened  to 
a  point.     Ground  wires  should  be  as  straight  as  possible  and  there 


*The  term  aniped  ib  alao  used. 
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should  be  no  turns  or  coils  throughout  their  length,  as  such  turns 
or  coils  would  oppose  a  high  inductive  reactance  to  high  fre- 
quency currents,  such  as  lightning  discharges.* 

131.  Pole  Steps:  Pole  steps  are  used  principally  on  term- 
inal, junction,  and  other  poles  which  it  may  be  necessary  to  climb 
frequently.  Their  use  is  desirable  on  such  poles  to  prevent  them 
from  being  roughed  up,  as  the  frequent  use  of  climbers  may 
cut  the  surface  of  the  pole  to  such  an  extent  that  it  is  difficult 
and  unsafe  to  climb. 

132.  If  pole  steps  are  required  they  are  placed  in  position 
before  the  pole  is  erected.  They  may  be  placed  either  parallel 
with  the  cross-arms,  or  at  right  angles  to  them  as  shown  in  Fig. 
2.  The  steps  should  be  staggered,  the  spacing  center  to  center 
of  steps  varying,  according  to  the  diameter  of  the  pole  and  local 
practice,  18  in.  on  centers  being  considered  good  practice.  If 
galvanized  iron  pole  steps  are  to  be  used,  holes  four  inches  deep 
and  considerably  smaller  than  the  thread  may  be  bored  for  their 
reception,  or  the  steps  may  be  simply  driven  and  screwed  into 
place.  Wooden  pole  steps,  which  are  often  made  by  cutting 
off  the  ends  of  brackets,  are  fastened  with  one  sixty-penny  and 
one  forty-penny  galvanized  wire  nail. 

133.  Cross- Arms  and  Fittings:  Previous  to  erecting  the 
poles  the  brackets  or  cross-arms  are  distributed,  the  latter  being 
fully  equipped  with  braces  and  pins  before  distribution,  if  wood- 
en pins  are  used.  In  case  steel  pins  are  used,  they  are  not 
placed  until  the  line  wires  are  strung. 

134.  After  the  pole  line  is  erected,  regular  pins  are  replaced 
with  transposition  pins  wherever  necessary.  Each  pin  is  nailed 
in  the  cross-arm  with  one  six-penny  galvanized  wire  nail,  driven 
in  straight  from  the  middle  of  the  side  of  the  arm. 

135.  Attaching  Brackets  and  Cross-arms:  If  a  pole  is  to 
have  only  brackets,  or  one  or  two  cross-arms,  the  brackets,  and 
sometimes  the  cross-arms,  are  generally  attached  before  the  pole 
is  erected.  Cross-arms  are  liable  to  be  troublesome,  however, 
especially  if  there  is  not  much  space  and  only  a  small  number  of 
men  to  aid  in  erecting.     If  a  pole  is  to  have  several  arms,  one 

*See  MacnetiMn  and  Electricity. 
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of  them  may  be  attached  before  the  pole  is  erected,  but  if  ail 

are  put  in  place  it  uauall  y  makes 

the  top  too  heavy  to  raise. 

136,  Brackets  are  ordinar- 
ily attached  to  the  pole  by  one 
sixty-penny  and  one  forty-penny 
galvanized  wire  nail  as  shown 
in  Fig.  111.  Sometimes  a 
thirty-penny  nail  is  used  in 
place  of  the  forty-penny  nail. 
On  curves  and  corners,  where 
the  direction  of  the  line 
changes,  both  brackets  are 
placed  on  the  outside  of  the 
curve,  one  above  the  other,  as  ~~' 

'"■••'  inFig.  112.     In  some  case.,  ifit     '"• '" 

is-desired  to  place  one  or  two  more  wires  on  a  pole,  and  all  the 
cross-arms  are  full,  brackets  are  at- 
■    tached  as  shown  in  Fig.  113. 

137.     When  a  cross-arm  is  attached 
to  the  pole  by  one  f  in.  center  bolt, 
the  bolt  should  be  long  enough  to  go 
through  the  pole  and  cross-arm,  with- 
out cutting  out  the  back  of  the  pole. 
The  bolt  is  driven  in  from  the  back 
of  the  pole.     When  two  i  in.  lag  screws  are  used  instead  of  the 
center  bolt,  they  are  placed  afl 
shown  in  Fig.  114.     Two  i  in. 
bolts  may  be  used  in  place  of 
the  lag  screws.     Large  wash- 
ers should  be  used  under  heads 
and  nuts  in  all  cases. 

138.  CroSs-arm  Braces.  In 
attaching  braces  to  cross-arms 
a  I  X  1}  in.  round  washer  is  — 

placed  under  the  head  of  each  ru-  ■  i* 

bolt,  and  the  bolt  driven  into 
the  cross-arm  from  the  side  that  is  to  come  next  to  the  pole,  bo 
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that  the  washer  may  rest  in  contact  with  the  cross-arm. 

139.  Braces  are  not  generally  used  on  two  pin  arms.  One 
brace  is  often  used  instead  of  two  on  a  four  pin  arm,  while  arms 
having  more  than  four  pins  are  usually  provided  with  at  least 
two  braces. 

140.  Braces  are  attached  to  poles  as  described  in  Art.  29. 
On  corner  poles  equipped  with  ten  pin  cross-arms,  where  the  pull 
is  12  ft.  or  more,  or  where  a  line  is  exposed  to  severe  strains, 
back  braces  should  be  used  in  addition  to  the  regular  braces,  and 
in  some  cases  double  arming  braces. 

141.  Double  Arming.  At  bad  corners  and  other  places 
where  the  strain  on  the  cross-arms  is  severe,  and  in  many  cases 
where  leads  are  carried  from  the  line  to  signal  devices,  double 
arming,  Fig.  20,  should  be  used.  Each  of  the  arms  is  braced  the 
same  as  a  single  cross-arm,  although  in  some  cases  only  one  arm 
is  braced.  In  place  of  double  arming,  the  double  arming  or  back 
bracCy  Fig.  19,  is  sometimes  used. 

142.  Alley  Arms.  These  are  fastened  in  practically  the  same 
manner  as  regular  arms.  The  vertical  brace  is  bolted  to  each 
cross-arm  and  the  diagonal  brace  attached  to  the  pole  either 
with  a  lag  screw  or  bolt  and  to  the  lower  cross-arm  with  the  same 
bolt  as  is  used  for  the  vertical  brace. 

143.  Erecting  Poles:  Before  raising  the  pole  it  is  moved  to 
a  favorable  position  with  its  butt  over  the  hole.  Then  an  oak 
plank  or  two  digging  bars  are  placed  in  the  hole,  on  the  side 
farthest  from  the  pole,  to  form  a  guide  and  prevent  the  earth 
from  being  displaced  by  the  butt  in  its  descent. 

144.  The  small  end  of  the  pole  is  then  raised  by  hand  and  sup- 
ported by  the  dead  man,  until  the  men  change  their  position  so 
as  to  raise  it  higher.  When  the  pole  is  again  lifted  the  dead  man 
is  moved  toward  the  butt,  being  held  inclined  slightly  toward  the 
butt  in  order  to  always  push  the  pole  toward  the  hole.  This 
process  is  continued  until  the  top  of  the  pole  is  high  enough  to 
allow  the  use  of  pike  poles,  the  men  then  working  as  nearly  un- 
der the  pole  as  possible,  but  spreading  slightly  to  prevent  it 
from  falling  sideways.  As  the  pole  is  raised  the  pike  poles  are 
shifted  one  at  a  time  to  a  position  nearer  the  butt,  this  opera- 
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tion  being  continued  until  the  butt  slides  into  place.     The  dead 
man  should  be  always  kept  in  position  to  take  the  load. 

145.  The  raising  of  poles  may  be  accomplished  much  more 
quickly  by  means  of  some  form  of  tackle,  or  a  movable  derrick. 
Methods  for  raising  poles  by  tackle,  which  may  be  used  in  line 
construction,  will  be  described  later  in  Mechanical  Interlocking, 

146.  After  the  pole  is  raised  it  is  turned  until  the  cross-arms 
or  gains  are  at  right  angles  to  the  direction  of  the  line,  brought  to 
the  required  upright  position,  and  steadied  by  three  or  four 
pike  poles  with  their  ends  firmly  planted  in  the  ground,  while 
the  earth  is  filled  in  around  it. 

147.  The  position  of  all  poles  on  straight  lines  should  be  vert- 
ical, while  those  on  curves  should  incline  slightly  outvxirdj  so 
that  the  tension  of  the  wires  will  tend  to  pull  them  toward  a 
vertical  position.  If  the  pole  is  out  of  line  less  than  5  ft.  the 
amount  of  incline  or  rake  should  be  about  10  in.,  from  5  to  10 
ft.  about  15  in.,  and  when  over  10  ft.  about  25  in. 

148.  Facing  of  Cross-arms.  On  straight  lines  the  cross-arms 
on  adjacent  poles  should  face  in  opposite  directions,  since  if  the 
cross-arms  all  faced  one  way,  the  pull  of  the  wires,  in  the  case  of 
one  pole  breaking,  would  be  liable  to  tear  the  cross-arms  off  the 
other  poles.  On  a  long  span  the  cross-arms  should  face  away 
from  the  span.  At  line  terminals,  if  not  double  armed,  those  on 
the  last  two  poles  should  face  outward.  On  single  pole  corners, 
those  on  the  corner  pole  should  face  away  from  the  longer  straight 
section,  and  those  on  the  iirst  pole  in  each  direction  should  face 
toward  the  corner  pole.  On  curves  they  should  all  face  toward 
the  middle  of  the  curve.  At  diagonal  crossings,  they  should  be 
placed  on  the  sides  of  the  poles  jacing  the  crossing. 

149.  Filling  and  Tamping,  Only  one  shovel  should  be  used 
in  filling  the  hole,  two  or  three  tampers  being  employed  contin- 
uously at  the  same  time,  to  thoroughly  ram  the  earth  in  place 
around  the  pole  throughout  the  entire  depth  of  the  hole.  After 
the  hole  is  completely  filled  in  this  manner,  the  earth  is 
banked  up  for  a  distance  of  about  1  ft.  and  firmly  packed  around 
the  pole.  This  aids  drainage  by  causing  surface  water  to  run 
away  from  the  pole.  In  filling,  the  coarse  soil  or  gravel  should 
be  placed  at  the  top  of  the  hole. 
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150.  Pole  FoutuUUions.  The  preceding  method  applies 
when  the  earth  is  firm.  When  the  soil  is  sandy,  or  quicksand, 
swamp,  or  bog  is  encountered,  other  methods  must  be  employed 
to  secure  a  sufficiently  firm  foundation.  In  all  of  these  cases 
the  holes  should  be  dug  wider  and  at  least  1  ft.  deeper  than 
usual.  In  sandy  soil  it  is  customary  to  use  the  so-called  sand 
barrel.  A  strong  barrel  with  both  heads  removed  is  placed  in 
the  hole,  and  the  pole  set  inside  of  it  and  braced  in  the  proper 
upright  position  with  the  pike  poles.  In  very  wealc  soil,  which 
runs  into  the  hole  as  fast  as  it  is  removed,  the  barrel  is  placed  on 
the  surface  and  the  soil  dug  away  inside  of  it,  the  barrel  being 
pushed  down  as  the  digging  progresses  to  prevent  the  soil  from 
running  in.  The  space  around  the  barrel  and  between  the  bar- 
rel and  the  pole  is  now  tamped  full  of  clay,  or  other  firm,  sub- 
stantial soil.      By  this  means  a  larger  bearing  surface  is  produced. 

151.  A  temporary  sand  barrel,  consisting  of  a  special  iron 
cylinder  made  in  two  halves,  may  be  used  in  place  of  the  wood- 
en barrel,  and  hoisted  out  after  the  hole  has  been  filled.     This 

is  sometimes  called  a  caisson. 

152.  A  still  better  foundation  is  constructed  by  filling  in  the 
space  around  the  pole  with  concrete,  consisting  of  one  part  ce- 
ment, two  parts  of  sand,  and  five  parts  of  broken  stone  or  coarse 
gravel.     When  this  method  is  used  an  8  in. 

layer  of  concrete  should  be  placed  on  the 
bottom  of  the  hole,  for  the  pole  to  rest  on, 
a  pair  of  crossed  planks  being  fastened  to 
the  butt  as  shown  in  Fig.  115. 

153.  In  moist  and  boggy  soil  the  space 
around  the  pole  may  be  filled  with  broken 
rock  well  tamped  down,  and  the  rock  piled 
around  the  pole  for  at  least  2  ft.  above  the 
surface  of  the  ground;  or  a  ground  brace 

formed  of  logs  4  to  6  ft.  long  may  be  bolted  rn-  i  la 

to  the  pole  butt,  as  shown  in  Fig.  18. 

154.  Other  methods  for  use  in  very  boggy  places,  consist  of 
building  a  platform  on  the  surface,  or  a  combination  of  a  plat- 
form and  piles.     These  are  illustrated  in  Figs.  116  and  117. 
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Poles  set  in  sandy  bogs  should  be  pointed  at  the  lower  end  in 
order  to  stand  well.     Otherwise,  due  to  the  vibration  caused  by 


the  wind,  the  sand  works  under  the  butt  and  gradually  lifts  the 
pole. 

155.  When  rock  is  encountered,  the  proper  hole  may  be  blast- 
ed, and  the  space  between  the  pole  and  the  sides  of  the  hole  filled 
with  broken  stone,  firmly  wedged  in  place;  or  a  li  in.  hole  may 
be  drilled  and  an  iron  pin,  which  will  protrude  6  in.,  placed  in 
it,  this  pin  fitting  a  hole  in  the  butt  of  the  pole.  The  butt  may 
be  provided  with  a  pole  ring  to  prevent  it  from  splitting.  The 
pole  is  then  braced  sideways  by  guys  or  by  three  or  four  wooden 
struts,  spiked  to  the  pole  at  a  point  about  6  ft.  above  the  ground, 
and  running  diagonally  to  the  rock,  to  which  they  are  securely 
attached. 


OPEN  WIRE  UNEH  51 

156.  Coastniction  at  Bridges:  On  trestle  work  or  on  bridges, 
the  supporting  structure  of  which  is  entirely  or  largely  below 
the  deck,  poles  may  be  attached  and  braced  to  the  bridge  as 
shown  in  Fig.  118.     If  only  a  single  arm  is  required,  it  may  be 


bolted  to  a  timber  extending  horizontally  from  the  bridge  deck. 
If  the  deck  of  the  bridge  is  not  too  far  above  the  ground  or  river 
bottom,  the  butts  of  the  poles  may  be  set  in  the  ground,  and  the 
poles  attached  to  the  bridge  on  a  level  with  the  bridge  deck  by 
heavy  iron  straps,  sometimes  in  the  form  of  large  U  bolts.  When 
the  latter,  construction  is  used  the  poles  should  generally  be 
placed  opposite  piers,  so  as  to  be  protected  by  them. 

When  the  supporting  structure  of  the  bridge  extends  above  the 
bridge  deck,  the  cross-arms  may  be  bolted,  or  clamped  and 
braced  directly  to  the  bridge  members,  no  poles  being  used;  or 
poles,  usually  square,  may  be  bolted  to  the  bridge.  However, 
on  account  of  the  many  different  types  of  bridges,  the  construe- 
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tion  in  each  case  will  usually  be  determined  by  the  existing  con- 
ditions. 

157.  Attaching  Cross-arms  to  Standing  Poles:  If  all  the 
cross-arms  were  not  attached  to  the  pole  before  it  was  erected, 
they  should  be  put  on  after  it  is  firmly  set.  If  the  top  cross-arm 
was  attached  before  the  the  pole  was  raised,  the  next  cross-arm 
is  conveniently  hoisted  up  with  a  rope,  by  a  lineman  seated  on 
the  top  arm.  After  the  cross-arms  are  in  position,  and  before 
the  bolts  are  tightened,  they  should  be  lined  up  one  at  a  time 
with  the  other  arms  on  the  pole,  by  sighting  from  one  to  the 
other.  As  soon  as  each  one  is  parallel  with  the  arms  already 
fixed,  all  bolts  are  tightened. 

158.  As  most  signal  wires  are  run  on  telegraph  poles,  more 
work  will  probably  be  done  on  these  poles  than  on  new  poles.  To 
produce  a  neat  appearance,  arms  of  the  same  length  and  with 
the  pins  spaced  the  same  as  those  on  the  telegraph  cross-arms 
should  be  used.  In  attaching  cross-arms  for  signal  wires  to 
telegraph  poles,  a  spare  gain  is  usually  left  between  the  telegraph 
and  signal  cross-arms,  to  allow  the  telegraph  company  to  string 
additional  wires  without  moving  the  signal  cross-arms. 
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EXAMINATION  QUESTIONS 

(1)  (o)  What  is  the  usual  top  circumference  of  poles  em- 
ployed for  lines  having  more  than  six  wires?  (b)  For  what 
purpose  are  guys  used?  (c)  Name  two  devices  which  may  be 
used  to  fasten  a  guy  at  the  earth  end. 

(2)  (o)     What  is  a  cross-arm?     (b)     What  is  a  side  .arm? 
(c )     What  is  a  cross-arm  brace? 

(3)  (a)  Why  are  insulators  used?  (b)  How  are  the 
insulators  attached  to  the  cross-arms?  (c)  What  device  is 
used  in  case  it  is  desired  to  support  one  insulator  from  the  side 
of  a  pole? 

'(4 )  (o )  Name  three  devices  used  for  carrying  wires  from 
one  position  to  another  along  the  cross-arm.  (b)  Why  are 
wire  guards  used? 

(5 )  What  are  wire  connectors? 

(6)  (o)  Draw  a  diagram  showing  how  a  lightning  arrester 
may  be  connected  to  the  line  and  to  the  earth,  (b )  Name  two 
devices  that  may  be  used  to  make  the  ground  connection. 

(7)  (a)  What  is  friction  tape?  (b)  What  is  rubber 
tape? 

(8)  (a)  What  are  tools  known  as  come-alongs  used  for? 
(b )     What  are  splicing  clamps  used  for? 

(9)  What  information  does  a  pole  line  diagram  furnish  to 
a  lineman?  ^ 

(10)  (a)  What  is  meant  by  the  term  gaining  as  applied  to 
poles?  (6)  Draw  a  sketch  showing  how  a  pole  is  ordinarily 
roofed. 
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(11)  Make  a  sketch    showing    how  a  six  pin  cross-arm  is 
attached  to  a  pole. 

(12)  What  is  meant  by  the  term  double  arming? 

(13)  (a)  •  How  should  cross-arms  face  on  a  straight  line? 
(b )     How  should  cross-arms  face  on  a  curved  line? 

(14)  What  is  a  sand  barrel  used  for? 
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159.     To  resist  stresses  that  tend  to  bend  or  pull  out  the  poles, 

such  as  the  tension  of 
wires  at  corners,  curves, 
and  terminal  poles,  guys 
and  braces   are   used. 

160.  Guying:  Light 
lines,  such  as  bracket  and 
six  wire  lines,  are  often 
guyed  with  No.  8  or  6  B. 
W.  G.  galvanized  steel  or 
iron  wire.  Heavier  lines 
are  generally  guyed  with 
galvanized  stranded  steel 
wire,  varying  from  J  to  i 
in.  in  diameter  depending 
upon  the  strain  to  which  it 
^*^'  **®  is  subjected. 

161.  For  one  or  two  cross- 
arms  the  method  of  guying 
shown  in  Fig.  119  is  satisfactory. 
When  there  are  several  cross- 
arms,  however,  the  method 
known  as  Y  guying^  shown  in 
Fig.  120,  is  probably  the  best,  as 
it  has  less  tendency  to  bend 
the  pole  than  other    methods. 

162.  For  a  line  with  two 
wires  guys  are  seldom  needed, 
except  at  terminals  and  on  cor- 
ner poles  where  the  angle  from  fu.  120 

a  straight  line  is  45  deg.  or  more,  and  at  road  crossings. 

163.  For  a  six  wire  line,  all  poles  on  which  the  pull  (Fig.  107 ) 
is  more  than  15  ft.  should  be  guyed. 

If  the  line  carries  between  six  and  twelve  wires,  all  poles  on 
which  the  jmll  is  more  than  5  ft.  should  be  either  guyed  or  rein- 
forced at  the  butt  as  shown  in  Fig.  119,  while  all  poles  on  which 
the  jmll  is  10  ft.  or  more  should  be  guyed. 
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If  the  line  carries  more  than  twelve  wires,  all  poles  on  which 
the  pull  is  more  than  18  in.  should  be  guyed. 

Poles  carrying  alley  arms  should  always  be  guyed  if  possible. 

164.     Whenever  the  line  makes  a    right   an- 
gle corner,  or  one  that  is  nearly  a  right  angle, 
H*od  giHi  Iron  lop  of  pahltDboHoniaf  pole? 


on  two  poles,  the   poles   should  be 

guyed  as  shown  at  A,  Fig.  121.     The  method  of  arranging  the 

arms  and  guys  when  it  is  impossible  to  aide  guy 


FIrf.   122 

are  generally  sufficient. 


single  guys  in  the   positions 
indicated  by  the  dotted  lines 
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166.  Head  guying  consists  in  guying  the  top  of  one  pole 
to  the  butt  of  the  next,  Fig.  123,  or  to  an  anchor,  and  is  used  to 
provide  additional  strength  against  stresses  in  the  direction  of 
the  line.     A  similar  method  of  guying  for  the  same  purpose  is 


Tti.  123 

known  as  double  guyii^g,  or  double  kead  guying,  Fig.  124. 

167.     The  poles  of  a  line  carrying  more  than  six  wires  should 


be  head  guyed  at  the  end  of  every  span  of  200  ft.  or  more  and  if 
possible  guyed  on  each  side  at  right  angles  to  the  direction  of  the 
line.  When  such  a  line  is  dead  ended  the  pole  adjacent  to  the 
terminal  pole  should  be  head  guyed. 

168.  In  hilly  country  a  line  having  more  than  six  wires 
should  be  head  guyed  to  take  the  downward  strain,  as  shown  in 
Fig.  125. 


TU.  IZS 

169.     Storm  Guys.     If  a  line  has  twenty  wires  or  more,  in 
addition  to  the  guying  already  specified,  head  guys  should  be 
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used  at  crossings,  or  corners  where  the  pull  is  25  ft.  or  more,  and 
there  is  a  long  straight  section  next  to  the  corner.  These  are 
known  as  storm  guys,  their  purpose  being  to  prevent  the  entire 
line  or  long  sections  of  it,  from  going  down  in  case  the  wires  are 
broken  at  one  point  by  a  storm  or  otherwise. 

170.  The  preceding  directions  for  guying  cover  only  standard 
conditions.  In  case  of  swampy  ground,  light  sand,  or  where  pole 
settings  are  insecure,  more  guys  than  described  should  be  used. 

Guys  are  generally  installed  before,  the  wires  are  run  as  it  is 
easier  to  pull  them  up.  They  may  be  insulated,  if  necessary, 
by  inserting  suitable  strain  insulators  at  the  proper  points. 

171.  Placing  Anchors  and  Stubs:  In  locating  anchors,  the 
distance  from  the  butt  of  the  pole  to  the  anchor  should  not  be 
less  than  one-fifth  the  length  of  the  pole,  and  should  preferably 
be  about  equal  to  the  length  of  the  pole. 

172.  Excavations  for  anchor  logs  should  usually  be  at  least 
4^  ft.  deep.  If  impracticable  to  obtain  this  depth,  on  account 
of  the  nature  of  the  ground,  the  depth  of  excavation  should  not 
be  less  than  3^  ft.  The  size  of  the  anchor  log  depends  upon  the 
depth  of  excavation.  If  the  excavation  is  5  ft.  deep,  it  is  con- 
sidered good  practice  to  use  a  log  5  ft.  long,  and  at  least  8  in.  in 

diameter.  For  shallower  exca- 
vation the  length  end  diameter 
of  the  log  should  be  increased 
somewhat.      In    place    of    the 
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methods  of  anchoring  employing  logs  or  other  anchors  buried  in 
the   earth,   guys   are  often   fastened  to  short  stubs   as   shown 
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in   Fig.    120.      If   stones    are     available    they   may  be    piled 

around  anchor  logs  and  stubs  before  tamping  in  the  earth, 

to  render  them  more  secure. 

173.     Long   guy  stubs,    Fig.    126,    are  used  only  when  it  is 

necessary  to  raise  guys  over  roadways,  or  to  clear  obstacles. 

They  should  have  a  top  circumference  of  at  least  18}  in.,  and  are 

generally  made  from  crooked  poles.     The  top  should  be  pointed 
**j*ia^*fcM  to  an  angle  of  60  deg.  and  given  one  or  two 

*****  t****^^^  coats   of   suitable  paint. 

^^^  174.     Each    stub 

should  be  set  in  the 
ground  to  a  depth  of 
at  least  5  ft.,  and 
should  be  inclined  so 
as  to  lean  away  from 
the  pole  as  shown  in 
Figs.  126  and  127. 
In  case  it  is  impos- 
sible to  anchor  the 
gu>  stub,  ground 
braces  may  be  used 
as  shown  in  Fig.  127. 

175.      Attaching      Guys : 
When  brackets  or  not  more 
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than  two  cross-arms  are  used,  guys  should  be  attached  to 
the  pole  below  the  lower  bracket  or  upper  cross-arm,  in  the 
manner  shown  in  Fig.  119.  Head  guys  are  attached  just  below 
the  lower  cross-arm.  When  solid  wire  is  used,  guys  are 
fastened  at  each  end  by  ivrapping,  as  shown  in  Fig.  131. 
When  stranded  wire  is  used,  it  is  fastened  at  each  end  by  means 
of  guy  clamps  Fig.  128,  or  wire  rope  clips,  or  it  may  be  fastened 
by  a  form  of  eye  splice  as  shown  in  Fig.  129.  A  thimble  is  em- 
ployed. Figs.  7  and  131,  in  attaching  a  guy  to  a  guy  rod,  eye 
bolt,  or  turn-buckle. 

The  end  of  a  guy  attached  to  a  pole  or  stub  should  be  wrapped 
twice  around,  Fig.  129,  and  the  wrapping  held  in  place  on  the 
back  of  the  pole  or  stub  by  2  in.  staples,  or  by  means  of  a 
guy  hook,  as  shown.  To  prevent  the  guy  from  cutting  into- 
the  wood  a  heavy  sheet  of  galvanized  iron  may  be  placed 
around  the  pole  between  the  guy  and  the  wood. 

176.  Guying  to- 
Trees:  Guys  may 
be  fastened  to  suit- 
able trees,  Fig.  130, 
provided  the  right 
of  way  permits,  al- 
though in  general 
they  are  to  be 
avoided  as  they  are 
usually  swayed 
more  or  less  b  y 
Pid-  130  the  wind   and  the 

motion  tends  to  weaken  the  line.  The  guy  should  preferably 
be  attached  to  the  tree  trunk.  In  exceptional  cases  it  may  be 
attached  to  a  live  limb  close  to  the  trunk,  providing  the 
limb  has  a  diameter  exceeding  5  in. 

The  trunk  or  limb  of  the  tree  must  be  protected  from  in- 
jury by  being  covered  with  strips  of  hard  wood,  and  to  pre- 
vent the  tree  from  being  strangled,  the  guy  is  looped  only 
once  around  it.  Ijght  guys  may  be  attached  to  trees,  by 
fastening  them  to  a  drive  or  lag  screw  driven  into  the  side  of 
the  tree  furthest  from  the  pole.  Special  care  should  be  taken 
not  to  injure  shade  trees. 
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FU.  132 


177.  Guying  to  Rock:  When  the  rock 
is  solid  the  guy  may  be  anchored  by  a  rock 
bolt,  as  shown  in  Fig.  5.  This  is  fastened 
in  place  by  drilling  a  taper  hole  in  the 
rock,  and  expand- 
ing the  shank  of 
the  bolt  into  the 
hole.  When  the 
rock  is  not  firm  and 
is  likely    to    split 

off,    the   guy    should   be   anchored   as 

shown  in  Fig.  131.     The  length  of  the 

bolt  will  be  determined  by  the  nature 

of  the  rock. 

178.  A  ground  brdce,  as  shown  in  Fig. 
119,  may  be  used  under  some  conditions 
as  a  substitute  for  a  guy,  and  to  rein- 
force poles  in  soft  ground. 

179.  Pole  Braces:  Pole  braces  are  considered  a  secondary 
type  of  reinforcement,  and  are  used  only  when  conditions 
will  not  permit  the  use  of  guys.  Guys  are  preferable  to 
braces  among  other  reasons  on    account    of    the    fact    that 

braces  tend  to  raise  the 
pole  out  of  the  ground. 
Braces  are  usually  made 
from  short  poles,  and  are 
placed  and  fastened  as 
shown  in  Fig.  132.  The 
butt  of  the  brace  should  be 
set  at  least  3^  ft.  in  the 
ground,  and  should  be  sup- 
ported on  a  plank,  large 
stone,  or  solid  ledge  of  rock. 

180.  When  a  line  re- 
quires to  be  very  strong- 
ly supported,  double  poles 
of  the  form  shown  in  Fig. 
133  may  be  used. 


Fltf.  133 
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181.  Stringing  Wires:  When  only  one  wire  is  to  be  strung 
at  a  time,  it  may  be  fastened  temporarily  or  snubbed  at  the 
pole  at  the  beginning  of  the  stretch,  and  then  unreeled  from 
a  pay-out  reel,  carried  along  the  ground  near  the  poles. 
The  wire  is  then  taken  up  to  each  cross-arm,  pulled  to  the 
proper  tension,  and  tied  to  the  insulators,  which  have  previously 
been  screwed  tightly  onto  their  pins.  To  prevent  malicious 
interference  the  insulators  are  not  usually  put  onto  the  pins, 
however,  until  everything  is  in  readiness  for  stringing  the  wire. 
This  same  method  may  also  be  used  for  a  small  number  of  wires. 
In  uncoiling  the  wire  from  the  reel,  care  must  be  taken  that  it 
does  not  become  kinked,  as  its  strength  is  greatly  impaired 
thereby. 

182.  If  a  coil  of  wire  is  to  be  paid  out  and  no  reel  is  at  hand, 
the  coil  may  be  carried  and  the  wire  paid  from  off  the  outside, 
the  coil  being  turned  around  after  about  five  turns  have  been 
taken  off,  and  back  again  after  five  more  have  been  taken  off, 
and  so  on.  This  process  prevents  the  wire  from  twisting  and 
kinking  as  it  would  be  likely  to  do  otherwise. 

183.  When  one  wire  is  strung  at  a  time,  the  first  wires  should 
be  placed  on  the  two  pins  nearest  the  pole,  one  on  each  side,  the 
other  wires  being  added  alternately  on  opposite  sides  of  the  pole. 

184.  Generally  when  several  wires  are  to  be  strung  the 
running  board  or  triangle  is  used.  In  this  method  the  coils  of 
wire  to  be  strung  are  placed  on  reels  at  the  first  pole  of  the  stretch, 
and  each  of  the  wires  threaded  through  a  hole  in  the  board  and 
made  fast.  A  rope  that  has  previously  been  passed  over  all  the 
cross-arms  in  the  stretch,  which  is  generally  1,500  to  2,000  ft. 
long,  is  fastened  to  the  center  of  the  running  board,  and  the  board 
lifted  over  the  first  cross-arm,  after  which  it  is  pulled  from  pole 
to  pole,  a  lineman  stationed  at  each  pole  lifting  the  board  over 
the  arm  and  also  guiding  the  wires.  As  soon  as  the  running 
board  has  reached  the  last  cross-arm  over  which  the  running 
rope  passes,  the  wires  are  temporarily  secured.  This  process  is 
repeated  until  the  line  is  completely  strung. 

•  In  cases  where  wires  are  to  be  strung  on  other,  than  the  top 
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cross-arm,  one  side  may  be  strung  at  a  time,  or  the  wires  un- 
hooked from  the  running  board  and  passed  around  the  pole. 

185.  In  running  insulated  wire  care  should  be  taken  to  avoid 
abrasion  of  the  covering,  by  drawing  the  wire  over  sharp  corners 
or  otherwise.  As  a  rope  can  often  be  passed  over  other  wires 
and  where  it  would  be  unsafe  to  attempt  to  carry  up  a  wire,  it 
is  frequently  more  satisfactory  than  carrying  the  coil,  when 
stringing  a  small  number  of  wirea  and  even  a  single  wire,  to  pull 
the  wires  into  place  with  a  running  board,  or  simply  with  a  rope 
in  case  of  a  single  wire. 

186.     Dead   End- 
ing :    After  the  wires 


have  been  run  out 
they  are  fastened  at 
one  end;  then 
stretched,  tied,  and 
fastened  at  the  other 
end.  The  term  dead 
end  refers  to  the 
fastenings  at  the 
ends  of  the  wire. 
ru.  134  Under  some  con- 

ditions there  may  be  more  or  heavier  wires  dead  ended  on  one 
side  of  a  cross-arm  than  on  the  other.  This  produces  a  strain 
that  tends  to  turn  the  cross- 
arm  from  its  proper  position 
at  right  angles  to  the  direc 
tion  of  the  line.  To  prevent 
the  arm  from  turning,  a  guy 
or  stay  may  be  run  from  its 
end  to  the  next  pole,  care 
being  taken  to  locate  the  guy 
so  that  it  will  not  interfere 
with  the  line  wirea. 

187.  The  following  are  a 
few  of  the  many  methods 
that  are  used  for  dead  end- 
ing wires. 
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Fig.  134  shows  a  simple  form  of  dead  end  UBed  in  some  cases 


FH.  I3« 
for      bare      copper  wire.       It    is  made  by  pushing  the   end 


FU. 13? 

of   the   wire    through   one  side   of   a   half    sleeve    connector. 
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then  bending  it  around  the  insulator  and  pushing  it  through 
the  other  aide.  The  connector  is  then  given  one  and  one-half 
turns,  leaving  the  eye  open- 
ing about  2  in.  Bare  iron 
and  steel  wires  may  be  dead 
ended  as  shown  in  Fig. 
135,  being  fastened  with  at 
least  five  full  turns*.  With 
either  of  these  methods  an 
additional  turn  is  often 
taken  around  the  insulator 
in  order  to  make  the  dead 
end  more  secure. 

Fig.  136  shows  a   method 

of    dead   ending     insulated 

wire  on  two  insulators,  when 

Pld-  139  .1^1  J 

double -cross-arms  are  used. 

It  will  be  noted  that  the  wire  is  wrapped   twice   around   the 
terminal  insulator.     In    some    cases,    to    make    the    work   es- 


pecially secure,  it  is  also  wrapped  once  around  the   other  In- 
sulator as  shown,  in  addition  to  the  regular  tie.     Other  meth- 


ru. 


ods  of  dead  ending  insulated  wires  are  illustrated  in  Figs.  137- 
139. 

188.    Position  of  Wires:    On  straight  lines  the  wires  are 
placed  on  the  sides  of  the  insulators  toward  the  pole.  Fig.  140, 

•B«  Art.  206  tor  >  method  of  mskiua  tba  turiK. 
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except  the  two  wires  adjacent  to  the  pole,  these  being  placed  on 
the  outer  sides  of  the  insulators.  On  curves  and  at  corners,  the 
wires  are  placed  on  the  sides  of  the  insulators  toward  the  outside 
of  the  curve  or  corner  as  shown  in  Fig.  141.  On  bracket  lines 
the  wires  are  tied  on  the  outer  sides  of  the  insulators.  • 

189.  Tension  and  Sag:  Previous  to  tying  the  wires,  the 
tension  of  each  span  must  be  adjusted,so  that  the  dip  or  sag  has 
the  proper  value.  The  wires  hang  between  the  poles  in  the 
form  of  long  curves,  and  the  tension  required  for  a  given  amount 
of  sag,  depends  on  the  weight  and  elasticity  of  the  wires,  and 
the  length  of  the  span.  Changes  of  temperature  affect  the 
tension;  an  increase  in  temperature  causing  the  wires  to  expand, 
which  increases  the  amount  of  sag  and  decreases  the  tension; 
while  a  decrease  in  temperature  causes  the  wires  to  contract, 
decreasing  the  sag  and  increasing  the  tension. 

190.  The  wires  should  be  so  adjusted,  that  in  the  coldest 
weather  the  tension  will  not  exceed  a  certain  percentage  of  the 
breaking  strength.  One  authority  states  that  it  should  not  ex- 
ceed 33  per  cent  of  this  strength.  Although  it  is  possible  to 
calculate  the  proper  tension  for  any  size  of  wire,  length  of  span, 
and  temperature,  this  method  is  somewhat  complicated  to  use 
and  requires  a  reliable  dynamometer.  It  is  usual,  therefore,  to 
adjust  the  tension  by  measuring  the  amount  of  sag  or  dip. 

191.  The  sags  for  copper  wires,  from  No.  6  to  10  B.  &  S.  G., 
are  given  in  the  following  table  for  different  temperatures  and 
lengths  of  span. 


Temp. 

Length  of  Span  in  Feet 

Degrees 
Fahr 

75 

100 

115 

130 

150 

176 

200 

250 

300 

Sag  in  Inches 

-30 

1 

2 

2i 

3i 

^ 

6 

8 

14 

22 

-10 

li 

2i 

3 

4 

5 

7 

9 

16 

25i 

10 

14 

3 

31 

4i 

6 

8 

lOi 

18i 

29 

30 

2 

3J 

4 

5i 

7 

9i 

12 

21 

33 

60 

2i 

^ 

5i 

7 

9 

12 

15i 

26i 

44 

80 

3 

5i 

7 

8i  i  Hi 

15 

19 

31 

47i 

100 

^ 

7 

9     11  1  14 

18 

22  i 

36 

55 
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The  sags  for  No.  12  B.  &  S.  G.  copper  wire  should  be  at  least 
2  in.  greater  than  those  indicated  in  the  preceding  table. 

The  sags  for  iron  and  steel  wires,  having  a  diameter  of  ^  in. 
and  over,  should  conform  to  those  for  No.  10  B.  &  S.  G.  copper 
wire;  and  for  iron  or  steel  wires,  having  a  diameter  of  less  than 
-^jf  in.,  should  conform  to  those  for  No.  12  B.  &  S.  G.  copper  wire. 

192.  The  amount  of  sag  is  generally  measured  by  a  method 
known  as  sighting  the  wires.  There  are  different  ways  of  doing 
this,  one  method  being  to  provide  a  rod,  having  at  its  top  end  a 
scale  of  inches,  and  a  slide  with  a  projecting  pin,  arranged  to  slip 
up  and  down  this  scale.  This  is  used  as  follows:  For  each  span 
the  pin  is  set  for  the  required  sag.  The  rod  is  then  set  up  at  the 
center  of  the  span  and  its  height  adjusted,  until  a  lineman  on  the 
pole  sights  the  top  of  the  rod  in  line  with  the  grooves  of  the 
insulators.  The  wire  is  then  pulled  up  until  it  touches  the  pin. 
After  one  wire  is  adjusted  in  this  manner,  the  others  may  be 
adjusted  by  comparison.  Thus  a  man  goes  far  enough  away 
from  the  line  to  see  when  the  other  wires  come  up  to  the  level  of 
the  first  one,  and  then  gives  the  signal  to  tie  in.  When  the  line 
is  running  up  or  down  hill,  the  man  with  the  rod  should  follow 
the  deepest  point  of  the  curve  in  the  wire. 

193.  The  wire  is  pulled  up  to  the  proper  tension  by  means  of 
a  come-along  or  similar  tool.  In  case  a  dynamometer  is  used  the 
tension  may  be  obtained,  if  the  proper  amount  of  sag  is  known, 
by  means  of  the  formula 

Tension  -  ^?^^'  X  "^^^  P^  /^^^ 

8  X  deflection 

In  this  the  span  and  deflection  or  sag  are  in  feet  and  the  weight 
per  foot  in  pounds. 

If  several  wires  are  pulled  up  at  the  same  time,  apparatus  as 
shown  in  Fig.  142  may  be  used. 

194.  Tying:*  The  wires  are  tied  to  the  insulators  with 
short  pieces  of  wire,  known  as  tie  wires,  frequently  of  the  same 


^Alao  called  tying  in. 
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size  and  material  as  the  line  wires.     In  case  the  tie  wires   are 
made  of  hard  drawn  copper  wire,  they  should  be  thoroughly 


Fitf.  142 

annealed  by  heating  them  to  a  cherry  red,  and  then  allowing 
them  to  cool.  In  doing  this  care  should  be  taken  not  to  burn 
the  wire  or  cause  it  to  scale.  If  the  line  wires  are  insulated, 
the  tie  wires  may  have  an  insukUion  equal  to  that  of  the  line 
wires,  although  bare  tie  wires  are  often  used  with  weatherproof 
line  wires. 


195.  The  length  of  the  tie  wire  is  determined  by  the  size  of 
the  line  wire,  and  the  size  of  the  insulator.  Lengths  commonly 
used  are  given  in  the  following  table. 


Line  Wire 
fi.  &  S.  G. 
No. 


6 

9 

10 

12 


Length  of  Tie     Tie  wires  for  bare  iron  wire  should  be 
ches.    '  niade  of  the  regular  line  wire,  and  should  be 
"19  in.  long  for  No.  12  or  14  B.  W.  G.  wires. 

Annealed     copper-clad     tie    wires    for 
12-17       copper    and    copper-clad   line   wires   are 


24 

20 

12-19 


recommended  to  be  two  sizes  smaller  than  the  line  wire. 
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196.  Copper  line  wires,  either  bare  or  insulated,  are  often 
tied  to  the  insulators  in 
the  manner  shown  in  Fig. 
143.  It  will  be  noticed 
that  one  end  of  the  tie 
wire  passes  over  the  line 
wire  and  makes  five  com- 
plete turns,  and  the  other 
end  passes  under  the  line 
wire  and  makes  five  com- 
plete turns. 

Another    method    is   to 

pass  both  ends  of  the  tie 

wire   under   the   line   wire 

and  then  coil  them  around 

Fu.  143  the    latter,    as    shown    in 

Figs.  144  and  145.     Iron  and  steel  wires,  and  sometimes  copper 

wires,  are  tied  to  the  insulators  in  the  manner  shown  in  Fig.  146. 

Tie  wires  are  usually  twisted  around  the  line  wires  with  the 


pliers  or  a  tie  wire  wrench,  the  latter  tool  being  used  as  shown 
in  Fig.  147.  Before  making  the  last  half  turn  the  wire  is 
nicked  about  half  way  through  with  the  cutting  pliers.     Then 
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when  the  half  turn  is  completed  the  extra  wire  may  be  broken 
off  by  bending  it  back  and  forth  once  or  twice  at  the  nick, 
thus  avoiding  a  projecting  end. 


197.  Twin  or  duplex  mre, 
which  may  be  used  in  case  all 
the  crosB-arms  are  full  and  it  is 

necessary 


ru.  I4S 

is  sometimes    run    through    rings,   or  at- 
tached to  porcelain  knobs  or  rubber  hook 
insulators  on  the  underside  of    the    cross- 
arms.     This,  how- 
ever,  is   not   very 
good  practice. 

198.    Loop  and 
Branch  Lines:     If 

it  is  desired  to  con- 
nect an  instrument  or  device  in  series 
with  the  line,  a  loop  line,  or  loop,   is  "J*  '*' 

is  run  from  the  main  line  to  the  instrument,  and  if  it  is  desired  to 
connect  in  parallel  with  the  line,  a  branch  line,  or  branch,  is  run. 
These  are  terms  that  are  frequently  interchanged,  and  do  not 
definitely  indicate  the  method  of  connection. 


199.  Spider  Wires:  The  terms  spider  wires  and  bridle  wires 
are  used  in  referring  to  wires  run  along  the  cross-arms  for  the 
purpose  of  making  connections.  These  wires  may  be  either 
extensions  of  the  wires  of  a  loop  or  branch  line  or  they  may 
be  separate  wires.  In  the  latter  case  they  are  sometimes  called 
jumpers.  They  are  made  of  rubber  covered  wire  and  are 
carried  along  the  cross-arms  as  required,  by  means  of  spider 
wire  cleats,  bridle  rings,  porcelain  split  knobs,  or  pipe  clips. 
When  several  of  these  wires  are  to  be  run  from  one  point  to 
another,  they  are  usually  bunched  together.  Figs.  148  and 
149  show  two  methods  of  running  spider  wires. 


OPEN  WIRE  LINES  71 

200.  Truoking  is  frequently  used  to  protect  wires  in  carrying 
them  from  one  lo- 
cation to  another, 
such  as  in  running 
them  down  a  pole. 
It  is  also  used  in 
some  cases  to  carry 
them  along  the 
cross-arms,  as 
shown  in  Fig.  150, 
affording  better 
protection  to  the 
wires  than  would 
be  the  case  if  they 
were  exposed.  The 
wires,  at  the  points 
where  they  enter 
the  trunking,  are 

bent  down  to  form  fH-  1*8 

drip  loops,  as  indicated  in  the  illustration,  to  prevent  water  from 
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running  inside-the  truQking.     For  the  same-  purpose    the   en- 


trance-holes are  bored  at  an  angle  slanting   down   toward   the 
outside. 

Fig.  151  shows  a  method  of  using  bituminized  fiber  conduit  to 
protect  a  loop  or  branch  line  on  the  side  of  a  pole  and  under- 
ground. The  conduit  itself  is  protected  by  trunking  where  it 
runs  along  the  pole  and  the  opening  at  the  top  is  protected  by  a 
hood  to  prevent  the  entrance  of  moisture. 

201.  For  carrying  wires  on  the  sides  of  poles  trunking  may  be 
used  without  the  capping,  the  open  side  being  placed  against 
the  pole.  While  this  presents  a  better  appearance,  it  is  not 
so  convenient  to  make  changes  in  the  wiring,  since  it  is  more 
difficult  to  remove  the  trunking  than  it  would  be  to  remove 
only  the  capping  which  is  fastened  with  small  nails  or  gate  hooks. 

202.  In  case  a  loop  or  branch  line  is  run  for  some  distance  on 
insulators  on  poles*,  one  of  the  many  methods  of  making  con- 
nections to  the  main  line  is  to  attach  a  short  cross-arm  to  the 
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204.  Junction 
boxes,  Fig.  153,  are 
used  as  a  convenient 
means  of  connecting 
the  spider  wires  to  the 
loop  or  branch  lines 
leading  to  i  n  s  t  r  u- 
ments  or  devices.  A 
junction  box  may  be 
located  on  a  pole,  the 
spider  wires  being 
bunched  together  and 


main  line  pole,  either  below 
or  above  the  regular  cross- 
arms,  or  even  between  them 
in  case  it  is  not  possible  to 
use  the  other  positions,  and 
dead  end  the  wires  of  the 
loop  or  branch  line  on  insu- 
lators supported  by  this  arm. 
Another  method  is  to  attach 
to  the  main  line  cross-arm,  a 
break  arm  carrying  insulators 
on  which  the  loop  or  branch 
line  wires  are  dead  ended. 
Connections  between  the -two 
lines  are  made  by  means  of 
spider  wires. 

203.  In  some  cases  in  run- 
ning loops  and  branches,  it 
is  required  that  the  pole  and 
cross-arms  be  kept  clear  of 
short  cross-arms,  trunking, 
or  other  devices  that  would 
interfere  with  climbing  it. 
In  such  cases  it  is  necessary 
to  erect  a  short  connection 
post,  in  line  with  the  main 
line,  and  run  the  loop  down  to 
it  on  an  incline,  as  shown  in 
Fig.  152. 


74  LINE  CONSTRUCTION 

brought  down  the  pole  to  the  box  in  tninking,  or  it  may  be 
placed  on  a  post  near 
a  pole,  and  the  spider 
wires  run  to  it  from 
the  pole  top  in  a  hand 
made  cable.  The  post 
shown  in  the  illustration 
is  made  of  pipe.  The 
wires  leading  to  and 
from  the  junction  box 
pass  through  the  post, 
a  passage  for  the  wires 
being  provided  between 
the  inside  of  the  junc- 
tion box  at  the  top  and 
the  interior  of  the  post. 
Wires  are  brought  into 
the  top  of  the  post  un- 
derneath a  suitable  cap, 
known  as  a  drip  cap,  ar- 
ranged to  prevent  the 
entrance  of  water.  A 
hook  bolt  (a  pole  clamp 
is  sometimes  used)  by- 
which  the  wires  may  be 
supported,  is  attached 
'"■  '"  to  the  post   just    below 

the  drip  cap.  The  base  of  the  post  is  provided  with  openings 
into  which  trunking  may  be  fitted  for  the  purpose  of  leading 
wires  to  and  from  the  post. 

WIRE  JOINTS 

205.  It  is  frequently  necessary  to  connect  two  pieces  of  wire, 
the  connection  being  termed  a  joint  or  splice. 

It  is  desirable  that  joints  should  be  as  nearly  as  possible 
mechanically  and  electrically  as  good  as  the  wires  they  connect, 
without  being  soldered.  The  principal  object  of  solder  is  to 
prevent  corrosion  and  consequent  bad  contact,  although  it 
generally  increases  the  mechanical  strength. 
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Hard  drawn  copper  wire  should  not  be  soldered  if  the 
joint  is  to  be  subjected  to  tension,  as  the  necessary  heat 
anneals  and  weakens  the  wire.  The  fact  that  such  joints  are 
under  tension,  however,  is  considered  to  be  favorable  to  main- 
taining good  conductivity. 

206.  Joining  Iron  and  Steel  Wire :  Iron  and  steel  wires  are 
usually  spliced  with  the  Western  Union  joint*.  The  method 
of  making  this  joint    is  shown  in  Fig.  154.     The  ends  of  the 
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wires  to  be  joined  are  cleaned,  if  necessary,  lapped  a  suffi- 
cient-amount, and  clamped  a  little  to  one  side  of  the  center 
with  a  splicing  clamp  or  hand  vise.  Then  the  shorter  pro- 
jecting end  is  caught  with  the  pliers, 
or  with  the  shoulder  of  a  splicing 
wrench  as  shown  in  Fig.  155,  and 
coiled  tightly  and  evenly  on  the  line 
wire.  As  there  is  generally  more 
than  sufficient  wire  to  form  the  coil, 
the  wire  forming  the  extra  end  is 
nicked  about  half  way  through  with 

the  cutting  pliers,  at 
the  proper  point,  be- 
fore making  the  last 
half  turn.      The  end 
may  then  be  broken 
off    when  the  coil  is 
completed  by    bend- 
ing the    wire,     thus 
finishing  the  coil  with- 
The  coil  formed  in  this  manner  is 
It  is  recommended  that  five  complete 
turns,  spaced  ^  in.  apart,  be  made  in  each  knurl. 

The  clamp  or  vise  is  now  changed  to  the  finished  turns  and  the 
neck  of  the  joint  made  by  twisting  the  wires  together,  using 


out  a  projecting   end. 
often  termed   a   knurl. 


*A1m>  called  the  American  ioitU, 
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about  one  turn,  although  some  authorities  recommend  more 
turns  to  the  twist,  making  a  longer  neck,  as  shown  in  Fig.  156. 


The  remaining  end  is  now  coiled  to  form  a  knurl  as  in  the  case  of 
the  first  end. 

Just  before  nicking  the  wire  at  this  end  preparatory  to  break- 
ing it  off,  the  joint  should  be  given  a  strong  twist,  which  draws 
the  neck  together  more  tightly,  the  joint  being  twisted  as  tightly 
as  possible  with  an  additional  half  turn  or  so,  without  injuring 
the  wire. 

207.  Fig.  157  shows  a  form  of  joint  knwn  as  a  three  wire 
splice.  It  is  made  by  placing  a  piece  of  the  same  kind  of  wire, 
8  to  12  in.  long,  alongside  the  two  ends  of  the  line  wires  to  be 
joined,  and  clamping  all  three  near  the  middle  with  a  splicing 
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clamp.  The  wires  are  then  twisted  and  coiled  as  in  the  case  of  a 
Western  Union  joint,  except  that  there  are  two  ends  to  wrap 
around  the  line  wire  at  each  side,  instead  of  one.  This  joint  is 
said  to  be  stronger  and  of  better  conductivity  than  an  ordinary 
Western  Union  joint. 

Where  three  wire  splices  are  used  it  is  recommended  by  one 
railroad,  that  they  should  be  made  with  knurls  not  less  than 
li  in.  in  length,  that  the  space  between  knurls  should  not 
be  less  than  IJ  in.  and  that  the  joint  should  be  twisted  as 
closely  as  possible,  in  the  center  between  the  knurled  ends, 
without  injuring  the  wire. 
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Joints  in  iron  and  steel  wires  are  generally  soldered. 

208.  Instead  of  joints  made  as  described  in  the  preceding  ar- 
ticles, wire  connectors  may  be  employed  for  splicing  iron  and 
steel  wire,  although  they  are  not  much  used  at  the  present 
time. 

209.  Joining  Hard  Drawn  Copper  and  Copper-Clad    Wires: 

Joints  in  hard  drawn  copper  and  copper-clad  wire  are  usually 
made  with  wire  connectors.  The  ends  of  the  wires  are  cleaned, 
if  necessary,  and  slipped  through  the  connector,  the  projecting 
ends  sometimes  being  bent.  One  end  of  the  connector  is  then 
clamped  in  a  splicing  clamp  and,  by  means  of  the  pliers,  splicing 
wrench,  or  other  suitable  tool  attached  to  the  other  end,  both 
connector  and  wires  are  twisted,  the  completed  joint  appearing 
as  shown  in  Figs.  50  and  52.  The  gauge  of  connectors  should 
in  all  cases  correspond  with  the  gauge  of  wire  used. 

210.  The  number  of  twists  recommended  by  one  authority 
are  given  in  the  following  table. 


Number  of  Twists 

Wire 
B.  &  S.  G.  No. 

Single  Tube  Connector 

Double  Tube  Connector 

6 
10 
12 

4i 

4 

4 

3i 

3 

3 

211.  The  following  instructions  for  twisting  Mclntyre  con- 
nectors are  given  by  another  authority. 

When  two  No.  10  B.  &  S.  G.  copper  wires  are  joined,  the  con- 
nector should  be  twisted  3i  full  turns;  for  two  No.  12  B.  &  S.  G. 
copper  wires,  5  full  turns;  for  a  No.  10  and  a  No.  12  B.  &  S.  G. 
copper  wire,  4  full  turns;  for  a  No.  10  and  a  No.  14  B.  &  S.  G. 
copper  wire,  6  full  turns;  and  for  a  No.  12  and  a  No.  14  B.  &  S.  G. 
copper  wire,  5  full  turns. 

212.  The  Western  Union  joint  and  the  three  wire  splice  are 
sometimes  used  for  hard  drawn  copper  wire. 

213.  Although  it  is  considered  best  not  to  solder  joints  in 
hard  drawn  copper  wire  that  are  to  be  subjected  to  tension,  it  is 
more  satisfactory  to  solder  those  which  are  not  subjected  to 
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tension. 

214.  Joining  Soft  Drawn  Copper  Wires:  Soft  drawn  copper 
wire  as  used  in  signal  work  is  generally  rubber  covered.  As  it  is 
usually  not  subjected  to  tension  the  mechanical  strength  of  the 
joints  is  not  so  important;  some  of  the  joints  used  must  be  strong 
enough,  however,  to  bear  handling  and  resist  rather  severe 
strains  at  times.  Joints  in  soft  drawn  copper  wires  are  soldered 
in  practically  all  cases. 

215.  The  Western  Union  Joint,  generally  used  for  soft  drawn 
copper  wire,  is  made  as  already  described,  but  need  not  be  twisted 
quite  as  tightly  as  for  line  wire,  although  it  should  not  be  left 
loose. 

216.  Fig.  158  shows  what  is  known  as  a  wrapped  joint,  or 
a  Britannia  joint.    The  wires  are  brightened,  bent  slightly  at  the 
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ends,  and  then  wrapped  together  with  a  continuous  tight  serving 
of  small  copper  wire.     Finally  the  joint  is  carefully  soldered. 

217.     A  form  of  joint,  known  as  a  running  splice,  is  shown  in 
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Fig.  159.     The  wires  are  simply  twisted  together  and  the  joint 

requires  soldering 
to  have  the  neces- 
sary mechanical 
strength.  An- 
other joint  in 
which  the  wires 
Fii.  160  are     twisted     to- 

gether is  the  pigtail  joint  shown  in  Fig.  160. 

218.     A  form  of  joint  that  is  useful  m  connecting  insulated 
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wires  of  different  sizes  is  shown  in  Fig.  161,     Another  form  of 
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joint  for  this  purpose,  in  which  the  larger  wire  is  coiled  around 
the  insulation  of  the  smaller  to  aid  in  supporting  it,  is  shown  in 
Fig.  162. 


Fltf.  162 

219.  Any  of  the  joints  described  in  Arts.  209-218,  may  be 
used  for  joining  soft  drawn  to  hard  drawn  copper  wire  or  to 
copper-clad  wire. 

220.  Taps:  Joints,  known  as  taps,  where  the  end  of  one  wire 
is  joined  to  some  portion  along  the  length  of  another,  without 
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cutting  it,  are  often  made  as  shown  in  Fig.  163,  by  tightly  coiling 
the  end  of  the  branch  wire  around  the  through  wire.  It  is 
recommended  that  five  complete  turns  spaced  ^  in.  apart  be 
used,  which  forms  practically  one-half  of  a  Western  Union 
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joint.     Figs.  164  and  165  show  other  methods.     A  double  tap 
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may  be- made  as  shown  in  Fig.  166. 

Taps  are  also  made  by  the  use  of  split  connectors,  the  open 
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side  of  which  may  be  applied  to  the  through  wire  without  cutting 
it,  as  shown  in  Fig.  167.     These  connectors  are  twisted  in  the 
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same  manner  as  ordinary  connectors. 


221.  Soldering:  A  joint  may  be  soldered  in  a  number  of 
ways,  the  most  approved  methods  being  by  pouring  and  dipping. 
The  former  method,  which  is  the  most  common,  is  illustrated  in 
Fig.  168.  It  is  considered  that  by  this  method  there  is  less 
danger  of  weakening  the  wire  by  overheating  it,  than  by  the 
methods  which  require  the  joint  to  be  dipped  into  molten  metal, 
or  heated  with  a  gasoline  torch, 

222.  The  solder,  usually  common  half  and  halj  bar  solder*, 
Fig.  169,  is  first  melted  in  a  melting  pot**,  heated  hy  a  gasoline 
furnace**,  care  being 
taken  not  to  get  it  too 
hot.  It  should  only 
be  hot  enough  to  flow- 
freely  and  may  be 
considered  to  have 
reached  the  proper 
temperature,  if  it  just 
lights  a  chipofsoft  wood,  when  the  latter  is  plunged  into  it  for 
a  few  seconds.     The  ladles**  are  heated  while  the  solder  is 


rid.  169 

melting,  or  before  they  are  used,  so  that  they  will  not  chill  the 
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molten  metal. 

223.  After  the  wires  have  been  cleaned,  if  necessary,  and  the 
joint  made,  it  is  coated  with  a  suitable  flux,  the  purpose  of  which 
is  to  allow  the  solder  to  adhere  to  the  metal,  by  keeping  the  wire 
clean  and  preventing  it  from  oxidizing  when  heated. 

224.  The  use  of  a  non-corrosive  rosin  flux  is  recommended 
for  this  work.  Such  a  flux  may  be  made  by  dissolving  1  lb. 
of  rosin  in  1  qt.  of  grain  alcohol.  Among  other  fluxes  the  follow- 
ing may  be  mentioned:  Tallow  candles,  lard,  plain  rosin,  and 
the  zinc  chloride  flux  suggested  by  the  National  Board  of  Fire 
Underwriters,  which  is  made  by  mixing  5  parts  of  a  saturated 
solution  of  zinc  chloride,  4  parts  of  alcohol,  and  1  part  of  glycer- 
ine. 

225.  The  use  of  ordinary  zinc  chloride  fluxes  is  generally 
considered  bad  practice,  on  account  of  their  corrosive  action, 
if  not  thoroughly  removed  after  soldering  is  completed.  In  the 
case  of  bare  iron  line  wire,  however,  they  are  generally  satis- 
factory, as  rain  usually  washes  them  oflf  before  they  can  cause 
any  trouble. 

If  the  flux  is  in  the  liquid  form,  it  is  generally  applied  with  a 
small  brush.  Phste  is  simply  rubbed  over  the  joint,  while  solid 
flux  is  applied  after  warming  the  joint  slightly. 

226.  After  first  removing  the  scum  or  dross  that  forms  on  top 
of  the  molten  solder  in  the  melting  pot,  a  suitable  quantity  of 
solder  is  taken  out  with  the  smaller  ladle  and  poured  upon  the 
joint,  that  which  runs  off  being  caught  in  the  larger  ladle.  If 
the  solder  does  not  adhere  to  all  parts  of  the  joint  at  the  first 
pouring,  more  flux  is  applied  and  the  solder  again  poured  over 
the  joint.  When  the  joint  is  completely  covered,  the  surplus 
solder  is  removed  from  the  underside  with  the  edge  of  the  ladle. 

If  a  number  of  joints  at  the  same  location  are  to  be  soldered 
by  this  method,  it  is  well  to  have  them  prepared,  as  a  matter  of 
economy,  so  that  all  may  be  soldered  at  one  time. 

227.  When  a  joint  is  to  be  soldered  by  dipping,  it  is  prepared 
as  described  in  the  preceding  articles,  and  then  dipped  into  the 
molten  solder  in  the  melting  pot  or  ladle,  the  wire  being  bent  so 
that  the  molten  metal  will  not  injure  the  insulation. 
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228.  Another  method  that  is  employed,  is  to  heat  the  joint 
and  melt  the  solder  onto  it  by  the  use  of  a  hot  soldering  copper* 
Solder  is  used  for  this  method  in  the  form  of  sticks,  wire,  small 
tubes  with  the  hole  filled  with  flux,  or  finely  divided  solder  mixed 
with  flux  in  the  form  of  paste. 

229.  In  order  that  the  soldering  copper  may  work  well,  the 
end  that  is  placed  in  contact  with  the  work  and  solder  must  be 
kept  tinned;  that  is,  coated  with  a  thin  layer  of  solder.  A  con- 
venient way  of  doing  this  is  to  rub  the  point  of  the  hot  copper  on 
a  common  brick,  on  which  powdered  or  small  pieces  of  rosin  or 
sal-ammoniac  have  been  placed.  In  this  way  the  point  is  cleaned 
and  at  the  same  time  covered  with  flux,  so  that  it  will  readily 
receive  a  coat  of  solder  when  the  latter  is  melted  upon  it. 

230.  Another  method  is  to  file  the  copper  clean  with  a  coarse 
file  and  then  heat  it  to  a  good  heat,  dip  it  into  sal-ammoniac,  and 
finally  rub  it  in  a  mixture  of  solder  and  flux  on  a  piece  of  bright 
tin. 

231.  Care  should  be  taken  not  to  overheat  the  soldering 
copper  as  it  becomes  pitted  and  sometimes  covered  with  a  hard 
scale  that  is  diflicult  to  remove.  In  this  condition  it  is  said  to 
be  burned. 

232.  Still  another  method  of  soldering  a  joint  is  to  heat  it 
with  the  flame  of  a  gasoline  torch,  and  apply  the  solder  in  the 
form  of  wire  or  tube  when  the  joint  is  hot  enough  to  melt  it; 
or  the  solder,  if  mixed  with  the  flux  in  the  form  of  paste,  may  be 
applied  before  starting  to  heat  the  joint.  If  this  method  is  used 
care  should  be  taken  not  to  overheat  the  joint. 

233.  In  making  joints  in  rubber  covered  wires,  the  insulation 
is  first  removed  from  those  portions  of  the  wires  which  are  to 
form  the  splice,  allowing  ^  to  1  in.  more  of  bare  wire  than  is 
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required  for  the  joint.  The  insulation  is  removed  with  a  knife 
held  at  an  angle  of  about  30  deg.,  care  being  taken  not  to  cut 
into  or  injure  the  metal.     On  completing  the  removal  of  the 
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insulation  the  wires  should  present  the  appearance  shown  in  Fig. 
170.  It  will  be  noted  that  the  rubber  is  beveled  in  a  manner, 
similar  to  that  in  which  the  wood  of  a  pencil  point  is  cut,  and 
that  the  braid  is  peeled  back  about  1  in.  from  the  high  point  of 
the  bevel.  It  is  important  that  the  copper  be  clean  and  bright, 
which  condition  is  produced  by  scraping  it  carefully  with  a  dull 
knife  blade,  care  being  taken  not  to  nick  or  cut  the  surface. 
Emery  cloth  and  sand  paper  are  often  used  instead  of  the  knife 
for  this  purpose. 

234.  After  the  ends  of  the  wires  are  prepared,  they  are  con- 
nected by  a  suitable  joint,  such  as  a  Western  Union  joint  shown 
in  Fig.  171,  the  joint  being  soldered.     The  distance  between  the 
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end  of  the  knurl  and  the  high  point  of  the  bevel,  where  the  rubber 
insulation  is  tapered  to  meet  the  wire,  should  be  about  If  in. 

235.  After  soldering,  the  joint  should  be  thoroughly  cleaned 
by  wiping  off  with  a  piece  of  wet  cloth  or  waste  and  drying,  and 
then  both  the  wire  and  the  exposed  rubber  insulation  given  a 
coat  of  pure  rubber  cement,  which  should  be  allowed  to  set,  this 
taking  about  one  minute.  In  place  of  rubber  cement  the  joint 
may  be  coated  with  a  suitable  insulating  paint,  such  as  P.  &  B. 
electrical  compound. 

236.  The  joint  is  now  wrapped  spirally  with  rubber  tape, 
starting  at  the  bevel  on  a  level  with  the  insulation,  Fig.  172,  and 
continuing  as  far  as  the  high  point  of  the  bevel  on  the  other  side 
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of  the  joint.  The  wrapping  process  is  continued  to  and  fro. 
Fig.  173,  until  the  insulation  is  built  up  slightly  thicker  than  the 
regular  wall.     The  tape  must  be  put  on  under  tension,  so  that  it 
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is  stretched  to  about  half  its  width,  and  so  that  the  turns  overlap 
about  half  way.     In  carrying  out  this  process  everything  should 
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be  kept  clean.  The  layers  may  be  caused  to  adhere  more  firmly 
after  application,  by  applying  heat  from  a  spirit  lamp,  match,  or 
the  hand,  evenly  around  the  joint  for  about  one  minute.  Care 
must  be  taken  not  to  burn  the  rubber  if  a  flame  is  used. 

237.     A  coat  of  suitable  insulating  paint  should  now  be  applied 
over  the  rubber  tape  and  should  extend  out  over  the  braiding. 
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After  this  two  layers  of  friction  tape,  half  lapped,  are  applied. 
Fig.  174,  being  carried  over  the  ends  of  the  braid,  and  another 
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coat  of  insulating  paint  is  applied  to  the  outside.     Fig.  175  shows 
the  completed  joint. 

238.  The  solvent  used  for  P.  &  B.  electrical  compound  is 
very  readily  evaporated.  This  material,  therefore,  should  be 
kept  in  good  tight  cans  securely  sealed,  and  care  should  be 
exercised  to  have  the  tops  screwed  on  tightly  when  the  material 
is  not  in  use.  In  using  from  large  packages,  it  is  well  to  pour  out 
a  small  quantity  at  a  time,  so  as  to  avoid  having  the  entire 
package  open.  If  the  material  thickens  on  account  of  evapora- 
tion of  the  solvent,  it  can  be  thinned  by  using  regular  P.  &  B. 
thinner,  which  is  compounded  by  the  manufacturers.  The 
manufacturers  state  that  no  other  thinner  should  be  used. 

P.  &  B.  black  air  drying  varnish,  which  is  also  used  very  ex- 
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tensively  for  making  joints,  may  be  thinned  by  the  addition  of 
62  deg.  benzine. 

239.     Another  method  of  applying  the  insulating  covering  to 
a  joint  is  as  follows: 

After  the  joint  has  been  made,  soldered,  and  prop)erly  cleaned, 
as  in  the  case  of  the  preceding  method,  it  is  wrapp)ed  with  one  or 
two  layers  of  pure  rubber  splicing  strips.  These  are  applied 
spirally  under  tension,  so  that  they  are  stretched  to  about  half 
their  width,  and  so  that  the  turns  overlap  about  half  way.  This 
covering  should  extend  at  least  half  way  up  the  bevel,  on  the 
ends  of  the  original  insulation  on  each  side.  Over  this  Kerite 
tape  is  wrapped  spirally,  half  lapped,  with  the  heavy  coated 
side  inside,  several  layers  being  applied,  and  the  last  two  or  three 
being  carried  out  over  the  braid.  A  sufficient  amount  of  this 
tape  should  be  applied  to  make  the  thickness  of  the  insulation  on 
the  finished  joint  somewhat  greater  than  that  of  the  original 
insulation.     Finally  the  joint  is  finished  with  a  coat  of  suitable 

insulating  paint.  The 
purpose  of  the  pure  rub- 
ber strips  is  to  protect 
the  wire  from  the  action 
of  the  sulphur  in  the 
tape. 

240.     A    tap     is    in- 
sulated by  first  applying 
Pii.  176  rubber  tape    to    the 

straight  portion,  in  the  same  manner  as  in  the  case  of  an  ordinary 
joint.  Then  starting  at 
the  high  point  of  the  bevel 
on  the  insulation  of  the 
branch  wire,  tape  is  ap- 
plied spirally,  as  in  the  case 
of  an  ordinary  joint,  until 
the  junction  of  the  wires  is 
reached.  To  insure  a 
moisture  proof  covering  at 

this  point,  the  tape  should  pi^.  177 

be  wound  into  the  corners  as  illustrated  in  Figs.  176-178,  the 
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joint,  when  the  rubber 
tape  has  been  applied, 
appearing  as  shown 
in  Fig.  179.  Care  should 
also  be  taken  in  applying 
the  friction  tape  to  en- 
tirely cover  the  rubber  tape 
in  all  the  corners.  Fig.  180 
shows  a  completed  tap,  the 
friction  tape  having  been 
*'*'•  *^*  applied. 

241.  Some  further  notes  on  making  joints  in  insulated  wire 
are  as  follows: 

242.  Joints  made  with  Mclntyre  sleeves  should  have  the  ends 
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cut  square  and  not  bent  over  to  prevent  cutting  through  the  tape. 

243.  In  one  method  of  making  taps  to  through  copper  line 
wires,  the  wires  should  be  scraped  bright  and  the  branch  wire 
closely  coiled,  for  a  distance  of  not  less  than  2  in.,  around  the 
line  wire.  The  joint  should  then  be  covered  with  tin  foil,  and 
wrapped  with  two  layers  of  rubber  tape  and  two  layers  of  friction 
tape.  The  purpose  of  the  tin  foil  is  to  prevent  the  sulphur  in  the 
rubber  tape  from  acting  on  the  copper.  When  taps  are  made  to 
through  iron  line  wires,  the  preceding  directions  should  be 
followed,  except  that  the  joint  should  be  soldered  and  the  tin 
foil  covering  omitted. 

244.  Joints  made  in  weatherproof  line  wire  with  Mclntyre 
sleeves,  are  often  insulated  by  simply  wrapping  them  with  fric- 
tion tape.  In  some  cases  the  joint  is  coated  with  P.  &  B.  com- 
pound before  and  after  the  application  of  the  tape. 

245.  Joints  in  duplex  paired  or  twin  wire  are  made  in  the 
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same  manner  as  joints  in  single  wire,  with  the  exception  that  they 
should  be  staggered^  so  as  not  to  come  at  the  same  place  in  both 
conductors.  Care  should  be  taken  so  that  when  the  joints  are 
completed  both  wires  are  of  the  same  length,  thus  preventing  one 
of  them  from  taking  more  of  the  strain  than  the  other.  After 
the  joints  are  made  the  wires  are  sometimes  bound  together 
with  friction  tape. 

246.  Rtuming  through  Trees:  Trees  are  trimmed  with  a 
hand  saw  or  hatchet  when  the  desired  places  can  be  reached 
with  these  tools.  The  clearance  required  around  the  wires 
varies  according  to  conditions,  but  2  ft.  is  generally  sufficient, 
provided  trimming  is  done  often  enough  to  keep  that  clearance. 
Where  the  hatchet  will  not  reach,  the  tree  trimmer  is  used. 
Care  should  be  taken  to  disfigure  shade  trees  as  little  as  possible. 

247.  When  wires  run  through  trees,  which  cannot  be  trimmed 
sufficiently  to  prevent  any  possibility  of  their  branches  coming 
into  contact  with  the  wires,  the  wires  should  be  supported  on 
tree  brackets  or  tree  insulators.  Another  method  which  may 
be  used  is  to  split  a  piece  of  bamboo  into  halves,  cut  out,  with  a 
gouge,  the  knots  which  occur  in  the  cane  and  lash  the  halves 
around  the  wire  where  abrasion  is  liable  to  occur.  It  has  been 
found,  that  the  hard  surface  of  the  cane  resists  the  abrasive 
action  of  swaying  branches,  for  almost  an  indefinite  period- 

248.  Transpositions:  Parallel  wires  carrying  currents  which 
vary  in  value,  such  as  alternating  currents,  have  an  inductive 
effect  upon  one  another.  In  some  instances  this  effect  is  detri- 
mental to  the  service,  as  in  the  case  of  telephone  wires.  The 
method  generally  used  to  overcome  this  effect  is  to  cause  each 
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half  of  the  circuit  to  frequently  interchange  position  with  refer- 
ence to  all  other  neighboring  circuits.  Arranging  the  wires  in 
this  way  is  called  transposing  them,  and  it  is  said  that  a  transpo- 
sition is  made  at  the  points  where  the  wires  interchange  positions. 

249.  If  transpositions  are  to  be  used  on  a  line  carrying  two 
wires  attached  to  the  poles  by  brackets,  one  transposition,  as 
shown  in  Fig.  181,  should  be  made  at  every  thirtieth  pole.  This 
method  is  termed  a  rotary  transposition.  On  a  short  line  the 
wires  should  be  transposed  in  the  center. 

250.  When  wires  are  carried  on  cross-arms,  various  methods 
are  employed  in  making  transpositions.     Those  described  in  the 
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following  article  are  recommended  for  telephone  work,  in  which 
transpositions  are  most  commonly  used. 

251.     When  wires  are  being  strung  the  transpositions  may  be 
made  as  shown  in  Fig.  182;  otherwise  they  may  be  made  as 
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shown  in  Fig.  183.     In  thiscasethewires  should  be  cut,  so  that 

two  of  the  ends  to  be  joined 
will  overlap  sufficiently,  to 
enable  the  joint  to  be  made 
with  one  connector.  I  n 
order  to  join  the  other  two 
Fitf.  184  ends,  -however,  two  connect- 

ors and  an  extra  piece  of  wire  will  be  required.     Fig.  184  shows 
another  method  of  making  transpositions. 

252.    Cradles:    These  are  devices  used  where  high  and  low 
tension  lines  cross,  or  where  a  line -crosses  a-  highway,  railway, 
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etc.,  to  prevent  the  wires  from  falling  in  case  they  break  or  for 
any  other  reason,  and  also  to  ground  a  broken  wire  before  it  can 
cause  damage  to  other  wires,  property,  etc.  They  are  made  in 
various  ways  from  strands,  wires,  and  wooden  slats. 

253.  A  method  of  protecting  low  tension  wires,  where  high 
tension  wires  cross  above  them,  consists  in  connecting  the  pole 
tops  of  the  low  tension  line,  by  a  grounded  steel  strand  of  suf- 
ficient size  to  carry  three  or  four  times  the  ordinary  current 
flowing  in  the  high  tension  line,  and  placing  between  this  and  the 
low  tension  line  wires  &  series  of  twelve  parallel  galvanized  iron 
wires,  attached  to  a  cross-arm  at  each  end  and  also  grounded. 


r 


254.  Fig.  185  illustrates  a  method  of  preventing  low  tension 
wires  from  falling  on  high  tension  wires  crossing  below  them,  or 
onto  the  track  or  highway.  It  consists  of  extra  long  cross-arms, 
placed  below  the  regular  cross-arms,  between  the  ends  of  which 


OPEN  WIRE  LINES  91 

a  pair  of  grounded  steel  strands  or  large  hard  drawn  copper  wires 
are  stretched.  These  are  joined  at  regular  intervals  by  cross 
wires  of  galvanized  iron  or  hard  drawn  copper,  secured  by  twist- 
ing them  around  the  two  supporting  wires  or  attaching  them  by 
means  of  guy  clamps.  Two  ground  wires  are  used  at  each  pole, 
one  being  connected  to  each  of  the  supporting  wires. 

255.  Entering  Buildings:     When  wires  enter  buildings  the 

following  general  directions 
should  be  observed.  The  wires 
should  enter  at  a  dry  place,  and 
whenever  possible  under  a  pro- 
jecting roof.  Where  they  pass 
■  through  the  wall,  Fig.  186,  they 
should  be  run  through  tubes, 
generally  of  porcelain.  These 
tubes  should  slant  upward 
toward  the  inside  and  the  wires 
should  be  bent  down  into  loops, 
known  as  drip  loops,  before  they 
enter  the  tubes.  Both  of  these 
precautions  are  to  prevent 
water  from  running  along  the 
wires  into  the  wall. 

If  there  are  several  wires  they 
are    frequently    formed    into    a 
cable  and  run  to  a  building  in 
m.  IS6  this  form. 

256.  Lightning  Protection:  Such  protection  is  generally  ob- 
tained by  installing  lightning  arresters. 

Another  method  of  securing  lightning  protection  for  the  line, 
is  to  run  a  grounded  wire  or  wires  above  it,  in  such  a  position 
that  the  wires  of  the  line  are  within  a  space,  enclosed  by  the  sides 
of  a  45  deg.  angle,  extending  from  the  ground  wire  or  wires 
downward. 

Overhead  ground  wires  or  guard  wires  should  consist  of 
galvanized  iron  wires  either  solid  or  stranded.  If  one  wire  is 
used,  it  is  generally  run  on  insulators  set  on  pins  placed  in  the  pole 
tops,  as  shown  in  Fig.  110.  The  insulators  are  not  necessary, 
but  afford  a  convenient  means  of  supporting  the  wire. 
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At  intervals  the  overhead  ground  wire  is  connected  to  the  earth 
by  ground  wires  stapled  to  the  poles.  The  number  of  ground 
wires  employed  varies  according  to  the  amount  of  protection 
required.  In  some  cases  it  may  be  found  desirable  to  have  one 
on  each  pole,  while  in  others  it  may  be  sufficient  to  place  them  on 
poles  a  half  mile  apart. 

257.  This  method  of  placing  a  grounded  wire  or  wires  above 
the  line  affords  to  a  certain  degree  the  same  protection  that  would 
be  obtained  if  the  line  were  run  underground,  although  by  no 
means  so  complete.  Simple  ground  wires  or  lightning  rods 
stapled  to  the  poles  afford  protection  of  the  same  kind,  but  to  a 
lesser  degree. 

258.  Ground  Connections,  If  it  is  possible,  ground  plates*, 
rods,  and  pipes  should  be  placed  in  or  reach  soil  that  is  perman- 
ently damp,  or  maintained  so  artificially.  When  plates  are 
placed  in  streams  of  running  water,  or  in  dead  water,  they  should 
be  buried  in  the  mud  along  the  bank,  in  preference  to  merely 
laying  them  in  the  water.  Where  there  are  metal  bridge  struc- 
tures, grounds  may  be  sometimes  be  obtained  by  connecting  the 
ground  wires  to  them.  However,  ground  wires  should  not  be 
connected  to  structures,  that  are  used  as  return  circuits  for 
dynamic  current. 

259.  All  connections  between  the  parts  of  the  circuit  leading 
to  the  ground  should  be  soldered  if  possible.  If  a  ground  pipe 
is  used  a  good  method  of  attaching  the  ground  wire  is  to  solder 
it  to  a  brass  pipe  fitting,  such  as  a  plug  or  cap,  and  screw  the 
fitting  to  the  pipe. 

260.  Grounds  should  be  tested  when  completed*  to  insure 
that  their  resistance  is  sufficiently  low,  the  maximum  permissable 
resistance  being  about  50  ohms.  In  some  cases  two  or  more 
ground  pipes  or  rods,  placed  about  6  ft.  apart,  may  be  used  to 
obtain  a  better  ground,  and  salt  is  sometimes  used  around 
ground  plates,  pipes,  or  rods  to  aid  in  keeping  the  earth  damp. 

261.  When  ground  plates  are  used,  it  is  considered  better  to 
braze  the  ground  wires  to  them  in  place  of  soldering,  the  plate 


*See  Maffnetism  And  Electricity. 
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and  connection  being  tinned  after  the  brazing  is  completed. 
The  operation  of  brazing  is  accomplished  as  follows: 

262.  The  wire  and  portion  of  the  plate  where  the  joint  is  to 
be  made  are  cleaned,  after  which  the  wire  is  fastened  to  the 
plate,  so  that  it  will  stay  in  position  when  heated.  A  flux, 
preferably  consisting  of  borax,  which  has  been  fused  to  drive  off 
the  water  of  crystallization  and  powdered,  is  then  applied  to  the 
joint.  The  addition  of  about  one-third  of  powdered  boracic 
acid,  sometimes  improves  the  action  of  the  flux. 

263.  The  spelter  or  solder  is  an  alloy  of  about  equal  parts  o  f 
copper  and  zinc,  or  if  a  harder  spelter  is  desired,  two  parts  of 
copper  to  one  of  zinc.  This  may  be  applied  either  by  being 
pulverized  and  mixed  with  the  flux,  or  in  the  form  of  wire. 

264.  When  the  joint  has  been  prepared  it  is  heated  with  the 
flame  of  a  gasoline  torch  until  the  spelter  melts.  This  requires 
a  bright  cherry  red  heat.  If  the  wire  form  of  spelter  is  used,  it  is 
applied  after  the  joint  has  reached  the  proper  temperature.  A 
hot  flame  is  needed  for  this  work  and  the  joint  should  he  heated 
to  the  proper  temperature  as  quickly  as  possible.  More  flux 
may  be  added  during  the  operation  if  it  is  needed.  In  some 
cases  a  clean  forge  fire  will  furnish  a  more  satisfactory  heat  than 
the  gasoline  torch,  especially  if  the  work  is  large  and  of  good 
heat  conducting  material,  such  as  copper. 

265.  Tagging:  Tags  of  sheet  metal  are  sometimes  attached 
to  the  wires  for  the  purpose  of  identifying  them  so  that  circuits 
may  be  easily  traced.  The  tags  are  lettered  or  numbered  to  cor- 
respond to  the  pole  line  diagram,  and  are  located  near  insulators 
usually  at  terminal  poles,  or  where  changes  in  the  arrangement 
of  the  circuits  are  made.  They  may,  of  course,  be  used  at  any 
other  points  as  convenience  requires.  They  should  be  so  at- 
tached, in  connection  with  the  tie  wire,  that  they  cannot  slip 
along  the  line  wire  into  the  middle  of  the  span. 

In  some  cases,  instead  of  attaching  the  tags  to  the  wires,  they 
are  nailed  to  the  cross-arm  directly  below  the  insulators  to  which 
the  wires  are  tied. 
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266.  Systematic  inspections  of  the  line  should  be  made,  at 
the  same  time  trimming  trees,  replacing  broken  insulators  or 
tie  wires,  tightening  guy  wires  and  slack  line  wires,  and  in  general 
keeping  the  line  in  the  same  condition  as  when  it  was  first  built. 
Rotten  cross-arms  and  pins  should  be  noticed  and  replaced  at  the 
earliest  opportunity. 

267.  Grounds  should  be  tested  periodically  to  insure  that 
they  remain  good;  that  is,  that  their  resistance  remains  sufficient 
ly  low.  If  the  resistance  is  high  due  to  dry  ground,  several 
handfuls  of  salt  placed  on  the  ground  at  the  top  of  the  ground 
rod  or  pipe,  and  wet  occasionally  with  a  pail  or  two  of  water,  will 
tend  to  reduce  the  resistance,  as  the  brine  soaking  into  the  ground 
aids  in  retaining  moisture  around  the  rod. 

268.  In  cutting  out  the  slack,  when  tightening  slack  line 
wires,  care  should  be  taken  not  to  pull  one  wire  tighter  than 
others  of  the  same  kind  in  the  same  span. 

269.  If  the  surface  of  a  pole  is  badly  cut  by  the  spurs  of 
climbers,  it  should  be  provided  with  pole  steps,  so  that  lineman 
will  not  be  in  danger  of  falling. 

270.  Alterations:  In  making  alterations  the  service  should 
be  interfered  with  as  little  as  possible.  Thus  if  a  line  is  to  be 
moved  to  a  new  position,  the  best  method  is  usually  to  leave  the 
old  line  in  service  until  the  new  line  is  built.  When  the  wires  are 
strung  they  are  joined  to  the  old  line,  at  the  ends  of  the  new 
section,  with  half  connections;  that  is,  half  a  Western  Union 
joint.  That  portion  of  the  old  line,  that  has  been  bridged  by  the 
new  section,  is  then  taken  down,  the  connections  to  the  new 
section  being  completed  to  make  regular  Western  Union  joints. 

If  sleeve  connectors  are  to  be  used,  temporary  connections 
may  be  made  with  test  connectors,  until  the  old  wires  are  cut, 
the  sleeve  connectors  then  being  applied  in  the  regular  way. 
By  using  jumpers*  to  bridge  joints  which  it  may  be  necessary 
to  open**,  as  when  substituting  sleeve  connectors  for  test  con- 
nectors, changes  can  usually  be  made  without  interrupting  the 
circuits. 


^Usuall^  made  of  a  few  feet  of  office  wire  or  small  rubber  covered  wire. 
*^hat  18  to  separate  the  ends  of  the  wires. 
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271.  When  making  joints  in  wires  already  strung,  as  in 
repairing  a  break,  the  wires  are  pulled  up  by  two  come-alongs 
attached  to  each  end  of  a  tackle.  In  the  case  of  a  break  the 
procedure  is  as  follows:  A  suitable  length  of  wire  is  spliced  to 
the  longer  end  of  the  broken  wire.  This  length  of  wire  is  then 
joined  to  the  shorter  end,  the  latter  of  course  being  cut  off  to  a 
suitable  length  for  joining.  As  some  slack  is  required  in  making 
this  joint  the  wires  should  be  pulled  somewhat  tighter  than  the 
required  tension,  so  that  when  the  joint  is  made  and  the  come- 
alongs  removed,  the  sag  will  be  the  same  as  in  the  other  wires 
of  the  span. 

272.  It  is  sometimes  necessary  to  attach  another  cross-arm 
to  a  pole,  and  at  the  same  time  undesirable  to  place  it  below  the 
other  cross-arms,  on  account  of  some  reason  such  as  insufficient 
clearance  for  the  wires.  In  such  a  case  use  may  be  made  of  a 
method  known  as  splicing  up  a  pole,  Fig.  187.  This  consists  in 
bolting  two  timbers,  for  example  pieces  of  cross-arms,  to  the 
^ides  of  the  pole  as  shown,  the  extra  arm  being  attached  to  them 
with  lag  screws  or  bolts. 

273.  When  it  is  necessary  to  move  a  pole  only  a  few  feet,  the 

method  known  as  ditching 
I  or  trenching  is  sometimes 
more  convenient  and  less 
expensive  than  pulling  up 
the  pole  and  erecting  it 
again.  It  consists  in  dig- 
'  ging  a  ditch  or  trench  from 
the  new  hole  to  the  butt  of 
the  pole,  the  trench  being 
of  the  same  depth  as  the 
I  hole  and  wide  enough  to 
permit  the  passage  of  the 
pole  butt.  The  pole, 
which  must  be  temporarily 
guyed  with  ropes  to  per- 
vent  it  from  falling,  is  then 
FiJ.  i»7  worked  along  the  trench  in 

its  upright  position  to  the  new  hole,  after  which  the  ground  is 


96  LINE  CONSTRUCTION 

tamped  around  it  in  the  ordinary  manner.    With  this  method 
it  may  in  some  cases  be  unnecessary  to  even  untie  the  line  wires. 

LOCATING  FAULTS 

274.  Faults  may  be  divided  into  three  general  classes  as 
follows : 

First.  Open  wires,  in  which  case  the  wires  are  broken  and 
insulated  from  the  earth  and  other  wires. 

Second,  Grounded  wires,  in  which  case  the  wires  are  in  elec- 
trical connection  with  the  ground. 

Third.  Crossed  wires,  in  which  case  two  or  more  wires  are  in 
electrical  connection  with  one  another. 

275.  The  conditions  which  produce  faults  may,  of  course, 
vary  considerably.  For  example,  a  very  high  resistance  may 
develop  in  a  joint,  and  produce  the  same  effect  as  an  open  wire; 
or  where  a  wire  runs  through  trees,  the  insulation  may  be  chaffed 
oflf,  and  a  ground  formed  by  the  bared  wire  cutting  through  the 
bark  to  the  sap  wood  of  a  limb.  Combinations  of  faults  may 
also  occur.  Thus  a  wire  may  break,  one  end  falling  into  a  pool  of 
water  and  becoming  grounded^  while  the  other  end  is  suspended  in 
the  air  and  is  o^pen. 

276.  The  following  are  general  methods  of  locating  faults. 
Later  in  the  course,  after  various  signal  instruments  and  their 
connections  have  been  described,  other  practical  tests  will  be 
given,  which  depend  more  or  less  upon  the  operation  of  these 
instruments. 

277.  Open  Wires:  Faults  of  this  kind  may  usually  be  readily 
seen  by  a  lineman  passing  along  the  line.  Thus  in  the  case  of 
bare  wire,  such  a  fault  may  be  produced  by  the  wire  breaking, 
and  in  falling  hanging  over  some  insulating  object,  such  as  a  dry 
wooden  roof  or  fence.  In  the  case  of  insulated  wire  the  fault 
may  be  produced  by  the  wire  breaking  and  falling,  the  insulating 
covering  preventing  the  conductor  from  making  contact  with 
the  earth  and  thus  becoming  grounded.  In  some  cases,  how- 
ever, the  fault  may  be  missed  on  inspection.  For  example,  the 
lineman  may  be  riding  on  a  train  and  fail  to  see  the  fault,  on 
account  of  his  vision  being  obstructed  by  smoke  or  steam  from 
the  locomotive.     Also  the  fault  may  not  be  apparent.     Thus 
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covered  wire  sometimes  breaks  inside  the  covering,  which  may 
support  it  sufficiently  to  prevent  any  additional  sag  that  is 
noticeable.  In  such  a  case,  if  suitable  measuring  instruments 
are  available,  a  capacity  test,  such  as  is  described  later  in  con- 
nection with  testing  cables,  may  aid  in  locating  the  fault. 

278.  Grounded  Wires:  Such  faults  may  usually  be  seen  by 
a  lineman.  In  some  cases,  however,  they  may  be  difficult  to 
find  by  inspection,  particularly  if  a  line  passes  through  a  con- 
siderable length  of  untrimmed  trees,  or  a  ground  is  caused  by 
contact  between  a  wire  and  a  limb.  Also  for  some  reason  the 
fault  may  be  missed  on  inspection,  as  mentioned  in  the  preceding 
article. 

Under  such  conditions  the  Murray  and  Varley  loop  testS; 
described  in  Magnetism  and  Electricity y  may  be  applied  to  deter- 
mine the  location  of  the  fault,  or  the  Overlap  method  maybe 
used  as  described  in  the  following  article. 

279.  Referring  to  Fig.  188,  measure  with  the  Wheatstone 
bridge  the  resistance  r,  from  A  to  earth  through  fault  F,  and  the 

resistance  r',  from  A'  to  earth 
through  fault  F.  Then  if  R  is  the 
resistance  of  the  wire  from  A  to 
A',  X  the  actual  resistance  of  the 
'**•  '**  wire  from  A  to  F,  and  y  the  actual 

resistance  of  the  wire  from  A'  to  F;  x  and  y  may  be  obtained 

from  the  formulas, 

R-^r—r' 
z  =  - 


K 

I 


A 

— » 


and        y 


2 
R—r-\-r' 


2 

From  either  of  these  values  the  distance  to  the  fault  may  be 
calculated. 

It  is  necessary  with  this  method  that  the  ground  connections 
at  the  testing  stations  A  and  A'  be  good. 

280.  Problem. — ^A  stretch  of  No.  10  B.  &  S.  G.  copper  line  wire  5,000  ft. 
long  was  grounded  somewhere  along  its  length.  In  applying  the  Overlap 
method  to  determine  the  location  of  the  fault,  the  resistance  r  was  found  to  be 
8  ohms  and  the  resistance  /,  12  ohms.     How  far  from  A  was  the  fault  located? 

Solution. — From  the  copper  wire  table  No.  10  B.  &  S.  G.  copper  wire  has  a 
resistance  of  0.9972  ohms  per  1,000  ft.  As  hard  drawn  copper  used  for  line 
wire  has  a  resistance  from  one  to  three  per  cent  higher  than  soft  drawn  wire 
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the  resistance  per  1,000  ft.  will  probably  be  nearer  1.02  ohms.  Assuming  the 
latter  value,  the  resistance  of  the  wire  in  question  is  5  x  1.02  ohms,  or  i2  =  5.1 
ohms. 

From  the  problem  r  =  8  ohms  and  r'  =  12  ohms.     Substituting  these 
values  in  the  first  formula,  we  have 

5.1+8—12 
2 


x=_. 


=0.55  ohms. 


Then,  since  this  is  the  resistance  from  A  to  the  fault,  the  di.stance  D  may  be 
found  from  the  proportion, 

D  :  5,000  ::  0.55  :  5.1; 

or    i>=?Z^=539-fft.,    Ans. 
5.1 

281.  Crossed  Wires:  Faults  of  this  kind  may  usually  be 
determined  by  inspection  as  in  the  preceding  cases.  If  they  are 
not  apparent,  as  might  be  the  case  if  the  conductors  in  twin  wire 
became  crossed,  the  location  may  be  determined,  as  in  the  case  of 
grounded  wires,  by  applying  either  the  Murray  or  Varley  loop 
tests.  Another  test,  known  as  Ayrton's  method,  which  may  be 
used  when  good  grounds  can  be  obtained,  is  as  follows. 

282.  Arrange  the  connections  as  shown  in  Fig.  189,  forming 

virtually  a  Wheatstane 
bridge,  in  which  one  of  the 
wires,  N,  forms  one  of  the 
arms.  Now  with  a  =  b 
adjust  r  until  a  balance  is 
obtained,  when  r  will  be 
equal  to  x  -\-  y. 

Now  connect  the  battery  to  wire  M,  instead  of  to  the  earth,  as 
shown  in  Fig.  190,  and  ad-       ,  , 


just  a  until  a  balance   is 
obtained. 

r  b 


Fitf.  139 


Then 


therefore  x  = 


x  +  y    b-\-a 
but  x-\-y  =  r 
bXr 


b+a 


Fitf.  190 


•283.  Problim.— Two  No.  10  B.  &  S.  G.  wires,  each  4,400  ft.  long,  were 
crossed  at  some  distance  D  from  a  certain  point.  By  Ayrton's  method,  with 
the  testing  instruments  arranged  as  in  Fig.  189,  a  value  of  4.5  ohms  was  ob- 
tained for  r.  With  the  instruments  arranged  as  in  Fig.  190,  the  value  of  a  was 
found  to  be  50  ohms  and  that  of  6, 100  ohms.     Find  the  value  of  D. 

Solution. — From  the  problem  r  =  4.5  ohms,  a  =  50  ohms,  and  h  =  100 
ohms.     Substituting  these  values  in  the  formula,  we  have 
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100  +  50 
Tbe  distance  D  iaa.y  now  be  determined  by  the  proportion 
■    ■  D  :  4400  ::  3  :  4.6; 

or        0=^215^=2,933  ft.,  Ans. 
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284.  For  a  line  of  given 
length  the  energy  loss,  due 
to  resistance,  varies  with 
the  square  of  the  current. 
Therefore,  if  a  given 
amount  of  energy  is  to  be 
transmitted,  it  is  evident 
that  the  loss  may  be  quar- 
tered if  the  voltage  is 
doubled,  etc.*  Conse 
quently,  when  energy  is  to 
be  transmitted  any  con- 
siderable distance,  such  as 
a  mile  or  more,  it  is  eco- 
nomical to  use  high  volt- 
ages, varying  from  500 
volts  in  the  case  of  shorter 
lines  to  60,000  or  more  in 
the  case  of  longer  lines.  In 
signal  work  however,  the 
voltages  used  rarely  ex- 
ceed 2,200  volts. 

285.  As  insulating  cov- 
erings for  high  voltages 
have  considerable  thick- 
ness and  often  require  the 
use  of  a  lead  sheath,  high 
tension  lines  carrying  10.- 
000  volts  or  more  are,  in 
almost  all  cases,  composed 
of  bare  conductors  sup- 
ported onspecial  insulators, 
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and  many  lines  operating  at  voltages  below  10,000  volts,  also  use 
bare  conductors.  When  insulating  coverings  are  employed,  they 
are  generally  of  the  weatherproof  type. 

286.  Wooden  poles  are  extensively  employed  for  supporting 
high  tension  lines,  but  steel  poles  and  towers  are  used  to  some  ex 
tent,  as  they  permit  the  employment  of  longer  spans  and  may  be 
made  of  practically  any  desirable  strength. 

MATERIALS  OF  CONSTRUCnON 

287.  Much  of  the  material  used  for  ordinary  pole  lines,  which 
has  been  described 

previously,  is  also 
used  in  high  ten- 
sion work. 

288.  Poles  : 
Wooden  poles, 
when  used  for  this 
class  of  work,  are 
generally  specially 
heavy,  since  very 
substantial  con- 
struction is  re- 
quired to  insure 
that  there  will  be 
no  interruption  in 
the  supply  of  ener- 
gy transmitted  by 
the    line.     Cedar 

poles  are  used  in  the 

^  rii.  192 

majority  of  cases. 

289.  Fig.  191  shows  one  of  the  several  types  of  steel  poles 
which  are  in  use.  It  is  constructed  of  steel  angles  joined  by 
lattice  work.  Fig.  192  shows  a  steel  tower  of  similar  construc- 
tion, except  that  tension  rods  are  used  in  place  of  lattice  work  in 
the  lower  sections. 

290.  Cross-arms:  When  wood  cross-arms  are  used,  they  are 
generally  of  the  standard  section  or  heavier.     They  are  usually 
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treated  in  some  way,  such  aa  by  painting,  boiling  in  linseed  oil, 
or  dipping  in  creosote,  to  preserve  them.  Steel  cross-arms  are 
frequently  employed,  when  steel  poles  or  towers  are  used,  one 
type  being  shown  in  Fig.  192. 

291.  Insulators:     Insulators  for  high  tension  lines  are  made 

of  both  glass  and  porcelain,  and 

sometimes  of  a  combination  of 

both   these   materials.      Many 

forms  are  in  use,  some  typical 

forms    being    shown    in    Figs. 
rid.  193      193.196 

Fid.  194 

292.  Pins:     Larger  insulators  and  longer  spans  require  the 
use  of  larger  and  stronger  pins  than  those  used  for  ordinary  work. 


Both -wood  and  iron  or  steel  pins 

being  shown  in  Fig. 

197. 

293.  Lightning 
Arresters:  Four 
types  of  lightning 
arresters  are  in 
general  use.  These 
are  the  horn,  the 
muUigap,  the  wa- 
ter-jet, and  the 
eledTolylic. 


used,  some  of  the  forma 
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294.  Horn  arresters,  which  have  been  described  previously* 
are  frequently  employed  in  connection  with  arresters  of  other 
types. 

295.  A  type  of  muUigap  arrester  is  shown  in  Fig.  198.     In  this 
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arrester  the  path  from  the  line  to  the  ground  is  by  way  of  a  series 
of  air  gaps  between  cylinders  of  metal  mounted  in  a  porcelain 
block.  The  metal  of  which  the  cylinders  are  composed  aids  in 
extinguishing  the  arc,  probably  by  the  production  of  a  non-con- 
ductive oxide,  when  vaporized  by  the  passage  of  the  arc;  or  on 
account  of  the  chilling  effect  exerted  on  the  arc  by  the  metal 
cylinders. 

A  resistance  is  generally  placed  in  series  with  the  spark  gaps 
to  aid  in  reducing  the  line  current  following  a  discharge,  and  in 
some  cases  resistances  are  also  placed  in  parallel  with  a  portion 
of  the  spark  gaps. 

296.  The  water-jet  or  tank  lightning  arrester  consists  of  a 
tank  of  water  which  is  connected  to  the  line,  and  which  is  pro- 
vided with  one  or  more  jets  from  which  water  flows  in  a  continu- 
ous stream  into  another  tank  or  tray,  which  is  grounded.  The 
resistance  of  ordinary  pure  water  is  so  great,  that  the  normal 
voltage  causes  only  a  little  current  to  flow  to  the  ground  by  wayof 
the  water  jets.  Arresters  of  this  type  are  sometimes  placed 
between  horn  arresters  and   the  ground. 

297.  The  electrolytic  or  aluminum  cell  lightning  arrester. 
Fig.  199,  is  a  recently  developed  type.  It  consists  essential- 
ly of  a  series  of  aluminum  pans  or  trays,  each  of  which  is 
partially   filled   with  electrolyte,    the   pans  or  trays  being  so 
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shaped  that  they  nest  together,  so  that  the  bottom  of  each 
dips  into  the  electrolyte  contained 
in  the  pan  next  below.  The  pans 
are  held  apart  at  the  proper  dis- 
tance by  suitable  insulators.  The 
apparatus  is  enclosed  in  a  tank  or 
jar  filled  with  oil.  The  lower  pan 
is  grounded  and  the  upper  one  con- 
nected to  the  line,  a  horn  arrester 
often  being  placed  between  the 
electrolytic  arrester  and  the  line  as 
shown  in  Fig.  200. 

298.  This  arrester  owes  its  ac- 
tion to  the  formation  of  a  hydrox- 
ide film  on  the  surface  of  the 
aluminum.  For  a  single  cell, 
namely  two  adjacent  pans  and 
the  intervening  electrolyte,  the 
film  opposes  a  high  resistance  to 
the   passage   of   current    up   to    a  fi^.  I9» 

pressure  of  420  volts.     Above  that  pressure  the  film  opens  and 

the  resistance   is 

greatly  decreased, 
allowing  a  large  cur- 
rent to  flow.  When 
the  pressure  decreas- 
es below  420  volts 
again,  the  film  re- 
forms and  the  current 
i s  decreased  to  a 
smalt  value.  Each 
cell  is  designed  to 
operate  normally  at 
300  volts,  and  by 
placing  a  suitable 
number  of  cells  in 
series,  an  arrester  can 
b  e  constructed  t  o 
operate  on  practically 
Fii.  200  &ny  required  voltage. 
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INSTALLATION 

299.  Wooden  poles,  cross-arms,  pins,  and  insulators  are 
erected  for  high  tension  lines  in  the  same  manner  as  for  ordinary 
lines.  High  tension  lines,  however,  generally  carry  only  a  few 
conductors,  and  often  require  a  different  arrangement  of  the  pins 
and  insulators  on  the  cross-arms.     Fig.  201,  and  the  following 
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table  referring  to  it,  gives  the  general  arrangement  and  dimen- 
sions of  high  tension  lines  operating  at  pressures  from  12,000  to 
22,000  volts.  The  brackets  placed  below  the  cross-arms  are  for 
the  purpose  of  carrying  a  telephone  line. 
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Voltage 

A 

B 

c 

D 

E 

F 

G 

H 

J 

K 

12000 

24* 

84' 

24' 

12' 

6' 

4' 

32' 

12000 

;«)' 

72' 

%' 

29' 

14* 

?!' 

15000 

30' 

96* 

9' 

27' 

«• 

:«' 

22000 

30' 

68' 

IW' 

30' 

15' 

24' 

9' 

Voltage 

L 

H 

N 

P 

Q 

R 

S 

T 

U 

12000 

21' 

«' 

16' 

54' 

12000 

•MV 

W 

6' 

4- 

4' 

B' 

ISOOO 

W 

m' 

7' 

41,' 

4' 

fi' 

IB' 

UY 

22000 

35- 

— 

6' 

»■ 
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When  steel  poles  or  towers  are  used  they  are  securely  fastened 
to  concrete  foundations.  The  method  of  installing  such  poles 
and  towers  and  of  attaching  cross-arms  depends  largely  on  the 
type  of  construction  used. 

300.  Testing  Insulators:  High  tension  insulators  are  gener- 
ally inspected  for  defects,  such  as  cracks,  bubbles,  pits,  and  de- 
fects in  the  glaze  of  porcelain  insulators,  and  in  some  cases  are 
tested  electrically  before  they  are  accepted.  Electrical  tests 
consist  in  subjecting  the  insulators,  for  a  certain  period,  to  a 
voltage  higher  than  that  at  which  they  are  to  be  operated,  such 
as  double  the  normal  operating  voltage. 

301.  Tying:  The  wires  are  attached  to  high  tension  insula- 
tors, either  at  the  side,  as  in  the  ease  of  ordinary  insulators,  or  to 
the  top,  the  latter  method  being  desirable  for  heavy  conductors. 


Fid.  202  Fid.  203 

Methods  of  tying  applicable  to  the  first  case  have  been  described 
previously.     Figs,  202  and  203  show  methods  of  tying  where  the 
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wire  is  placed  on  the  top-of  the  insulator. 

302.  Cradles:  As  in  the  case  of  low  tension  lines,  these  are 
devices  to  prevent  damage  on  account  of  falling  wires. 

A  method  of  protecting  high  tension  lines,  where  they  pass 
below  low  tension  lines  consist  in  running  grounded  wires  or 
strands,  both  above  and  below  the  high  tension  wires,  in  such  a 
manner  that  a  low  tension  wire  in  falling,  must  strike  a  guard  wire 
and  thus  be  grounded,  before  it  can  come  into  contact  with  a 
high  tension  wire. 

In  some  cases  of  particular  importance,  where  special  security 
is  desired,  as  at  a  railway  crossing,  a  bridge  may  be  built  to  carry 
the  high  tension  conductors  as  shown  in  Fig.  204. 

303.  Other  methods,  which  may  be  combined  and  used  at  the 
same  time  if  desirable,  consist  in  the  use  of  extra  strong  double 
armed  poles  on  either  aide  of  the  crossing,  double  ties  at  insula- 
tors, short  spans,  extra  high  poles  so  that  a  wire  can  do  no 
damage,  even  if  it  breaks,  and  a  grounded  net  of  wires  placed 
below  high  tension  wires,  as  illustrated  in  Fig.  185. 

304.  Entering    Buildings:     Figs.    205    and    206    show    two 

methods  of  carrying 
high  tension  wires 
through  the  walls  of 
buildings.  The  princi- 
pal requirement  is  to 
have  sufficient  space 
around  the  conductors. 
For  less  than  10,000 
volts,  long  porcelain 
tubes  placed  in  the 
walls,  with  a  slight 
downward  slope  toward 
the  outside,  answer  very 
well,  the  wires  being 
attached  to  insulators 
placed  on  each  side  of 
the  wall.  Higher  volt- 
ages, however,  require 
better  insulation.  The 
'"•**"  method   shown   in   Fig. 
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205  uses  a  24  in.  tile  set  in  the  wall,  in  the  center  of  which  the 

conductor  is  supported  by  insulators.     One  end  may  be  closed 

with  a  glass   plate   as  shown,   if  it   is 

necessary  to  keep  out  the  cold.     The 

construction  in  Fig.  206  is  good  for  cold 

climates.     The  slab  in  the  center  of  the 

opening  is  of  marble,  measuring  24  in. 

square  by  2  in.,  through  which  a  2  in.  by 

24  in.  glass  or  porcelain  tube  is  passed. 

The  conductor  passes  through  this,  being 

supported  on  either  side  by  insulators, 

as  in  the  first  method. 

305.  Lightning  Protection :  Light- 
ning arresters  for  high  tension  work  are  ^*^-  206 
generally  installed  at  power  stations  and  sub-stations.  They  are 
sometimes  installed  in  the  stations  and  sometimes  in  separate 
fire  proof  buildings.  In  some  cases  they  are  installed  along  the 
line,  for  instance  at  each  end  and  at  the  middle  of  the  line,  or  at 
points  dividing  the  line  into  four  equal  parts,  etc. 

In  most  cases  choke  coils  are  placed  in  series  with  the  line. 

Ground  connections  are  usually  made  by  the  same  methods 
that  have  been  described. 


306.  Overhead  ground  or  guard  wires,  as  mentioned  in  con- 
nection with  low  tension  lines,  are  sometimes  installed  above 
high  tension  lines,  to  protect  them  against  lightning  discharges. 
Such  wires  must  be  sufficiently  strong  so  as  not  to  break  and  fall 
across  the  line  wires. 


307.     Splicing:     When  solid  wires  are  used  for  high  tension 

work,  the  methods  of 
splicing  already  de- 
scribed are  a  p  p  1  i- 
cable.  Stranded  wires 
ru.  207  are  spliced,  either  by 

weaving  the  ends  together  and  soldering,  or  by  soldering  them 
into  a  copper  connecting  sleeve.  Another  method  is  to  use  a 
mechanical  coupling  or  connector,  such  as  the  Dossert,  Fig.  207, 
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which  does  not  require  the  use  of 
solder.  Fig.  208  shows  a  tap  made 
by  the  Dossert  method.  Connectors 
of  this  type  may  also  be  used  for 
solid  wire. 

MAINTENANCE 

308.  The  location  of  most 
troubles  on  high  tension  lines  are 
determi;ied  by  inspection.  For  this 
purpose  lines  are  usually  patrolled 
at  different  intervals,  varying  from 
every  day  to  only  a  few  times  a 
year,  and  in  some  cases  only  when 
trouble  occurs. 

Fitf.  208 

309.  Before  starting  work  on  a  high  tension  line,  it  should  be 
ascertained  whether  or  not  the  line  is  dead.  This  is  usually 
done  by  communicating  with  the  operator,  stationed  at  the  point 
where  the  switches  controlling  the  line  are  located,  and  waiting 
until  advice  is  received  from  this  operator  that  the  line  is  dead, 
and  tagged  to  indicate  that  work  is  being  done  upon  it. 

310.  Suitable  precautions  should  also  be  taken  to  insure  that 
a  line  remains  dead  while  working  on  it.  Such  precautions 
consist  in  grounding,  short-circuiting,  or  both  grounding  and 
short-circuiting  the  line.  Grounding  is  generally  done  by  means 
of  a  certain  type  of  bamboo  pole,  which  is  provided  with  one  or 
more  hooks  connected  to  a  wire.  The  wire  is  first  grounded, 
after  which  the  hooks  are  made  to  engage  with  the  line  wires. 
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EXAMINATION  QUESTIONS 

(1 )  (a)  What  is  the  purpose  of  a  guy?  (b )  What  device 
is  sometimes  used  in  place  of  a  guy? 

(2 )  (a )  What  name  is  given  to  a  guy  which  is  run  from  the 
top  of  one  pole  to  the  butt  of  the  next  pole?  (b)  How  should 
a  tree  trunk  be  protected  when  a  guy  is  placed  around  it? 

(3)  What  is  meant  by  the  term  dead  end? 

(4 )  (a)  Draw  a  sketch  of  a  six  pin  cross-arm  showing  how 
the  wires  should  be  placed  on  the  insulators  when  the  line  is 
straight,  (b )  Draw  a  similar  sketch  showing  the  arrangement 
of  wires  when  the  line  is  curved. 

(5)  By  what  means  are  line  wires  fastened  to  insulators? 

(6 )  What  are  spider  wires? 

(7 )  (a )  What  means  are  usually  employed  to  connect  hard 
drawn  copper  wires?  (b)  Name  three  joints  that  may  be  used 
in  joining  soft  drawn  copper  wires. 

•    (8 )     What  is  a  tap?     Illustrate  your  answer  by  a  sketch. 

(9)  (a)  Of  the  different  methods  of  soldering  joints,  name 
two  that  are  considered  the  best.  (6 )  What  is  the  purpose  of 
soldering  flux? 

(10 )  (a )  In  joining  rubber  covered  wires  what  kind  of  tape 
is  used  next  to  the  wire?  (6)  What  kind  of  tape  is  used  to 
finish  the  joint? 

(11)  What  is  a  transposition? 

(12)  Give  the  general  name  that  is  applied  to  devices  whose 
purpose  is  to  prevent  wires  from  falling  where  lines  cross  each 
other. 

(13)  Give  two  methods  by  which  a  line  may  be  protected 
from  lightning  discharges. 

(14)  What  means  may  be  used  to  improve  a  ground  if  its 
resistance  is  too  high? 

(15 )  Name  two  methods  of  testing  by  means  of  which  a  cross 
may  be  located. 

(16)  Why  are  high  voltages  used  on  long  transmission  lines? 
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311.  Since  cables  have  the  advantage  of  being  better  pro- 
tected from  accidental  grounds  and  other  disturbances  than  open 
wires,  their  use  is  sometimes  considered  advantageous,  even 
though  faults  are  generally  more  difficult  to  locate;  also  when 
the  wires  of  a  pole  line  would  exceed  a  certain  number,  it  is  usu- 
ally considered  better  to  employ  an  aerial  cable  in  place  of  them, 

MATERIALS  OF  CONSTRUCTION 

312.  Various  types  of  cables  are  employed  for  aerial  work. 
The  cables  generally  used  in  signal  work,  however,  are  made  of 
rubber  covered  wires,  the  outside  of  the  cable  being  protected  by 
layers  of  tape  covered  with  braid. 

313.  Cable  is  wound  for  transportation  on  strongly  built 

wooden  reels,  Fig.  209.  After  the 
cable  is  in  place  on  the  reel,  strips  of 
wood,  commonly  known  as  lagging, 
are  screwed  or  nailed  around  the 
outside,  to  prevent  injury  to  the 
cable. 

'  314.       In     constructing     aerial 
cable  lines  much  of  the  material 
already  described  is  used.     Certain 
special  devices  are  required,  how- 
ever, these  being  described  in  the 
following  articles. 
315.     Messenger  Wires:     Cables  are  not  considered  sufficient- 
ly strong  to  permit  them  to  be  stretched  from  pole  to  pole  like 
open  wires.     They  must  be  supported,  therefore,  by  some  other 
means.     The  method  commonly  employed  is  to  string  steel  wires, 
either  solid  or  stranded,  from  pole  to  pole  and  hang  the  cables 
from  them.     These  wires  are  known  as  messenger,  suspensiOD,  or 
carrier  wires. 

t   Stwiilmrd   Under - 
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316.  Nos.  9,  8,  and  4  B.  W.  G.  double  galvanized  solid  steel 
wires  are  employed  for  wire  messengers,  stranded  wires  or  cables 
measuring  from  ,<^  to  J  in.  in  diameter,  being  used  if  stronger 
messengers  are  required.  Stranded  wire  for  this  purpose  should 
consist  of  seven  double  galvanized  steel  wires  twisted  together. 
The  following  table  gives  the  weights  and  strengths  of  messenger 
wires  and  cables. 

STRENGTH  OF  MESSENGERS 


Breaking  Weight  in  Pounde 


No.  9  B.  W.  G. 
No.  8  B.  W.  G. 
No.  4  B.  W.  G. 


Stranded  Wire 

0,21 

Ordinafy  Steel 

Special  Ste«l 

A  in. 

3300 

6600 

Jin. 

0.30 

4700 

9400 

i^in. 

0,37 

6000 

12000 

iin. 

0.51 

8320 

16640 

317.  Hessenger  Wire  Supporte:  If  the  number  of  cables 
comprising  the 
line  will  never 
exceed  two,  the 
messengers  may 
be  supported  by 
galvanized  iron 
'mcBsenger 
clamps,  Fig.  210, 
which  are  fast- 
ened to  the  sides 
of  the  poles  with 
lag  screws  or 
Fii.  310  bolts.    For  more  fij.  2ii 
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than  two  cables,  particularly  if  large,  cable  ara 
be  used.     These  are  angle 
iron  cross-arms  made  of  4 
in.  by  3  in.  angles,  about  32 
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in.  long,  bolted  to  the  pole.  They  are  drilled  for  two  cross-arm 
braces,  which  are  attached  to  the  pole  above  the  arm.  When 
the  strain  is  se- 
vere a  stirrup 
may  be  used  to 
support  the  lag 
screw  which 
fastens  the  bra- 
ces to  the  pole, 
as  shown  in  Fig. 
213,  and  in  ad- 
dition a  strap 
may  be  put  around  the  pole  as  shown  in  Fig.  212.  For  very 
^eavy  strains  two  angles  may  be  placed  back  to  back  on  opposite 
sides  of  the  pole. 

Fig.  213  shows  another 
form  of  cable  arm  in  which  a 
regular  cross-arm  is  placed  in 
the  angle  iron.  Four  cross- 
arm  braces  are  used  and  at- 
tached to  the  pole  below  the 


ru.  214 


ru.  213 


318.     The    messengers   are 

clamped  to  the  cable  arms  by 

U-shaped  clamps  as  shown  in 

Tti.  218  Fig,  214,  or  two  carriage  bolts 

may  be  used  in  place  of  the  U  bolt,  as  shown  in  Fig.  215.     In 

either  case  the  threaded  ends  of  the  bolts  hang  down,  and  the 

messengers  are  clamped  between  the  under  side  of  the  cable  arm 

and  straps  held  by  the  nuts. 

319.     Cable  Hangers:     Cables  are  suspended  from  their  mes- 
sengers by  means  of  cable  hangers.    These  are  made  in  many 
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forms.  Fig.  216  shows  what  is  known  as  a  marline  hanger,  the 
cable  being  attached  by  a  marline  loop  to  a  galvanized  steel  hook 
passing  over  the  messenger. 

320.  Marline  is  cord  or  twine  with  a  diameter  of  from  J  to 
i\  in.     It  is  generally  tarred  for  line  work  to  give  it  a  longer  life. 

321.  Fig.  217  illustrates  a  hanger  in  which  the  marline  is 
replaced  by  &  zinc  strap,  and  Fig,  218  shows  a  malleable  iron 
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hanger,  the  latter  type  requiring  special  pliers  to  close  it  on  the 
cable. 

322.  Terminal  and  Junction  Boxes:  At  the  point  where  a 
cable  ends  a  terminal  box  is  frequently  placed,  in  which  connec- 
tions are  made  to  the  wires  leading  to  the  cable  and  which  may 
contain  lightning  arresters  if  employed.  A  similar  box  may  he 
used  at  the  junction  between  cables,  and  where  a  branch  or  loop 
is  taken  ofT  from  such  cables.  When  used  in  this  manner  it  is 
known  as  a  junction  box.  Junction  boxes  may  also  be  placed  at 
intervals  along  a  cable  to  provide  a  convenient  means  of  access 
to  the  conductors. 

A  terminal  or  junction  box,  one  form  of  which  is  shown  in  Fig. 
153,  is  made  of  iron  or  wood,  built  so  as  to  be  weatherproof. 
It  contains  binding  posts,  connected  to  short  strips  of  brass  or 
copper,  known  as  terminal  strips,  by  means  of  which  the  various 
wires  may  be  joined.  These  are  mounted  on  the  back  of  the  box 
or  on  strips  of  suitable  material,  so  as  to  be  insulated  from  one 
another.  The  box  may  also  contain  panels  of  wood  or  fiber  with 
holes  through  them  to  aid  in  distributing  the  wires.  Such  boxes 
are  also  called  cable  pole  boxes  or  houses. 

323.  Pole  Seats:  When  a  junction  or  terminal  box  is  mount- 
ed near  the  top  of  a  pole,  a  pole  seat  may  he  provided  as  shown 
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in  Fig.  219,  in  case  it  is  necessary  to  do  considerable  or  frequent 

work  in  the  box. 

CONSTRUCTION  TOOLS 

324.  Among  the  special  tools  used  in  the 
construction  of  aerial  cable  lines  the  following 
are  the  most  important. 

325.  Reel  Stands  and  Jacks:  In  order  to 
unwind  the  cable  from  a  reel,  it  is  necessary 
to  pass  a  shaft  through  the  center  of  the  reel, 
and  then  support  the  shaft  so  that  the  reel 

Fitf.  219  is  raised  above  the  ground.     The  reel  jack  or 

stand,  shown  in  Fig.  220,  is  a  convenient  device  for   doing  this. 

326.  Another  method,  which  also  provides  a  means  of  moving 
the  reel,  is  to  place  a  large  wheel  at  each  end  of  the  shaft  held  in 
place  by  removable  collars,  the  diameter  of  the  wheels  being 
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great  enough  to  raise  the  reel  clear  of  the  ground.  A  frame  pass- 
ing around  the  wheels  is  removably  attached  to  the  ends  of  the 
shaft,  and  a  short  wagon  tongue  connected  to  it  to  aid  in  moving 
the  device. 

327.     Cable  Grips:     These  are  used  as  a  means  of  attaching 

a  pulling  rope  to  the 
end  of  a  cable.     Vari- 
ous   forms    are    em- 
Fitf.  221  ployed,  among  which 

is  the  type  show^n  in 
Fig.  221,  which  is  at- 
Fii.  222  tached   to  the   cable 

by  screws,  and  the  type  shown  in  Fig.  222.     As  the  pull  increases 
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on  the  eye  of  this  latter  grip,  the  net  tends  to  elongate  and  reduce 
in  diameter,  thus  gripping  - 

the  cable,  the  security  of 
the  grip  increasing  with 
the  degree  of  pull. 

328.  Winches  and  Cap- 
stans: Power  for  pulling 
cables  into  place  is  often 
obtained  from  some  form 
of  a  winch,  Fig.  223.  or 
capstan,  Fig.  224.  Such 
devices  may  be  driven  by 
man,  horse,  steam,  or  elec- 
tric power.  Those  shown 
are  arranged  to  be  operated 
manually. 

ru.  223 


329.     Cable  Trolleys  or  Rollers:     These  are  devices,  Fig.  225, 


rn.  224 

arranged  so  that  they  may  be  attached  to  messenger  wires,  and 
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which  are  provided  with  grooved  wheels  over  which  cables  may 
pass  in  the  operation  of  stringing  them. 

330.  Jig  Reels:  Devices  of  this  type,  Fig.  226,  also  called 
cable  winders  and  spinning  jennies,  are  used  to  wind  a  continuous 
serving  of  marline  around  the  cable  and  its  messenger,  thus 
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fastening  them  together.  They  consist  of  wooden  bobbins  made 
in  halves,  with  a  hole  through  the  center  large  enough  to  allow 
the  cable  and  messenger  to  pass-through  it.  They  are  lined  with 
copper  to  make  them  wear  well. 

331.  Messenger  Cars:  In  case  it  is  necessary  to  get  at  some 
portion  of  a  cable  between  poles,  a  messenger  car  or  cable  car, 
one  form  of  w^hich  isshown  in  Fig. 
227,  is  used.  This  car  consists  of 
two  trolleys  or  grooved  ^vheels 
attached  to  a  framework  of  iron 
rods  supporting  a  seat.  The  trol- 
leys run  on  the  messenger  wire  and 
the  car  is  pulled  to  any  desired 
position  by  a  rope. 

Fitf.  227 


INSTALLATION 

332.  Reinforcing  the  Pole  Line:  Previous  to  pulling  mes- 
senger wires  upon  a  pole  line,  the  entire  line  must  be  firmly 
anchored  and  guyed.  At  corners  and  at  terminal  poles  special 
care  should  be  taken  to  reinforce  the  line,  so  that  sufficient 
strength  is  secured  to  resist  the  strain  introduced  by  the  cables. 
The  strength  of  guy  wires  at  terminal  poles  and  corners  should  be 
double  the  strength  of  messenger  wires,  and  they  should  be 
pulled  up  and  securely  fastened  before  the  messenger  is  strung. 
In  some  cases,  where  cables  are  strung  on  poles  carrying  open 
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wires  and  the  span  between  poles  is  too  long,  an  intermediate  post 
may  be  erected  at  the  center  of  each  span  to  support  the  messen- 
gers and  cables. 

333.  Attaching  Messenger  Wire  Supports:  Messenger  sup- 
ports or  clamps,  as  shown  in  Fig.  210,  are  bolted  to  each  pole 
about  one  foot  below  the  lowest  cross-arm.  The  clamp  is  placed 
with  the  axis  of  the  groove  parallel  to  the  direction  of  the  line. 
The  clamps  for  a  given  cable 
are  usually  bolted  on  the 
same  side  of  all  poles,  so  that 
the  messenger  may  be  strung 
in  as  straight  a  line  as  pos- 
sible. They  may  be  attached 
previous  to  stringing  the  mes- 
senger, or  they  may  be  bolted 
in  place  at  the  time  the  mes- 
senger is  installed.  Fig.  228 
shows  a  method  of  supporting 
a  messenger  wire  with  a  bolt 
and  guy  clamp,  in  case  no 
regular  messenger  clamps  are 
at  band. 

334.  Angle  iron  cable  arms 
when  used  are  bolted  in  the  lowest  gain  on  each  pole,  and  braced 
or  strengthened  according  to  conditions,  as  already  described. 

335.  Stringing  Messenger  Wires:  After  the  messenger  sup- 
ports are  properly  bolted  into  place,  the  messenger  is  drawn  from 
its  reel,  lifted  up  to  its  supports,  and  clamped  temporarily  but 
tightly.  One  end  is  then  fastened  securely  to  a  suitably  guyed 
pole,  known  as  an  anchor  pole,  by  wrapping  it  from  one  to  three 
times  around  the  pole,  and  then  bringing  the  end  back  and  secur- 
ing it  with  guy  clamps,  so  as  to  form  an  eye  about  8  in.  long.  It 
is  considered  preferable  to  use  guy  clamps  of  the  three  bolt  type. 
In  case  wire  rope  clips  are  used  it  is  considered  advisable  to  place 
a  piece  of  sheet  lead  about  -^  in.  thick  between  the  ropes  and  the 
clip,  to  make  the  fastening  more  secure.  If  stranded  wire  is 
employed  for  the  messenger,  the  free  end  may  be  allowed  to 
project  about  18  in.  from  the  clamp,  and  should  be  straightened. 
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laid  alongside  the  messenger,  and  served  with  bands  of  galvan- 
ized iron  wire,  such  as  No.  14  B.  W.  G.,  spaced  6  in.  apart. 

336.  Galvanized  iron  strips  are  placed  underneath  the  messen* 
ger,  to  prevent  it  from  cutting  into  the  pole.  These  are  about 
one  inch  wide  and  6  to  8  in.  long.  They  are  nailed  vertically 
around  the  pole  with  a  one  inch  space  between  them,  before  the 
messenger  is  wrapped  around  it.  A  spike  or  guy  hook  is  used 
to  prevent  the  messenger  from  slipping  off  the  strips. 

If  more  than  one  messenger  terminates  at  a  pole,  they  are 
fastened  one  above  the  other. 

For  an  anchor  pole  it  is  considered  better  to  use  a  pole,  ahead 
of  the  pole  at  which  the  cable  is  to  start,  as  by  this  method  the 
cable  pole  is  free  from  guy  wires.  It  is  also  considered  better  not 
to  use  the  messenger  as  a  guy. 

337.  The  tackle  for  tightening  the  messenger  is  now  attached 
to  the  farther  end.  This  tackle  may  consist  of  an  arrangement  of 
pulley  blocks,  or  a  winch  may  be  used.  Then,  after  the  messen- 
ger clamps  have  been  loosened  to  allow  the  messenger  to  slide 
freely,  it  is  pulled  to  nearly  the  proper  tension.  After  this  has 
been  done  the  messenger  is  cut  off,  leaving  a  sufficient  length  to 
attach  it  to  the  anchor  pole.  If  stranded  wire  is  used  for  the 
messenger,  it  should  be  served  with  two  or  three  turns  of  wire  on 
each  side  of  the  point  where  it  is  to  be  cut,  to  prevent  untwisting. 
More  power  is  then  applied  and  the  messenger  pulled  until  it 
has  the  proper  sag.  Finally  all  supports  are  tightened  per- 
manently, and  this  end  fastened  to  its  anchor  pole  in  the  same 
manner  as  the  first  end.  It  is  considered  preferable  to  terminate 
the  messenger  on  the  pole  beyond  the  one  upon  which  the  cable 
is  to  terminate. 

338.  In  case  more  than  one  messenger  is  to  be  tightened, 
after  the  first  has  been  pulled  to  the  proper  tension,  it  is  clamped 
at  its  supports.  It  is  not  fastened  at  the  anchor  pole,  however, 
as  it  will  become  somewhat  slack  when  the  second  is  pulled  up, 
and  this  slack  must  be  taken  up  before  the  first  one  is  permanent- 
ly fastened.  Generally  after  the  first  two  messengers  have  both 
been  pulled  to  the  proper  tension,  they  may  be  permanently 
fastened.  If  there  are  others,  they  may  then  be  pulled  up  to  the 
same  deflection  as  the  first  two  and  permanently  fastened. 
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It  is  possible  to  pull  a  messenger  around  a  smooth  curve,  but 
not  around  a  corner.  At  corners,  therefore,  the  messenger  must 
be  cut  and  the  ends  fastened  to  the  corner  pole  in  the  same 
manner  as  at  an  anchor  pole. 

339.  Supportiiig  Capacity  and  Sag:  It  is  recommended  by 
one  authority  that  the  strain  in  the  messenger,  due  to  its  own 
weight  and  that  of  the  cable  it  supports,  should  not  exceed  one- 
half  the  breaking  strain.  That  is,  a  factor  of  safety  of  two  is 
used.  It  is  also  recommended  that  the  minimum  sag  should 
not  be  less  than  one  per  cent  of  the  span,  and  that  a  messenger 
of  such  size  be  used,  that  with  this  amount  of  sag  the  strain  will 
not  exceed  the  value  just  mentioned.  The  sag  should  be  so 
regulated,  therefore,  that  in  the  coldest  weather  it  will  not  de- 
crease to  less  than  one  per  cent  of  the  span. 

340.  The  load  that  a  messenger  will  support  may  be  deter- 
mined quite  closely  from  the  formula 

L  ' 
in  which  IF  =  the  load  in  pounds,  r  =  the  safe  working  strain 
in  pounds,  d=the  sag  in  feet  at  center  of  the  span,  and  L  =  the 
length  of  the  span  in  feet. 

341.  As  an  example,  take  the  case  of  a  ^  in.  ordinary  steel 
cable  strung  across  a  span  of  100  ft.  In  this  case,  using  a  factor 
of  safety  of  two,  and  taking  the  breaking  strain  from  the  table 
in  Art.  316,  we  have 

r  =  ?^^  =  4,160  lbs., 

and  since  L  =  100  ft., 

d  =  .OlXlOO  =  l  ft. 

Therefore  Tr=?^^^^>^= 332.8  lbs. 

Now  the  weight  of  the  messenger  itself  is  100X0.51  lbs.  =  51 
lbs.,  and  this  value  subtracted  from  332.8  lbs.  leaves  281.8  lbs., 
as  the  weight  that  the  messenger  will  safely  support,  which  is 
equivalent  to  a  cable  weighing  2.818  lbs.  per  ft.  This  does  not 
allow  for  an  extra  load  of  sleet  or  snow  or  for  the  weight  of  a 
messenger  car.     Where  sleet  or  snow  are  encountered  or  a  mes- 
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senger  car  is  to  be  used,  the  size  of  the  messenger  must  be  in- 
creased sufficiently  to  support  the  additional  burden. 

342.  The  following  table*  is  calculated  from  the  preceding 
formula,  using  sags  equal  to  one  per  cent  of  the  span  and  a  factor 
of  safety  of  two. 

SUPPORTING  CAPACITY  OF  MESSENGERS 


Size 


Span  in  Feet 


80 


100 


120 


150 


200 


Steel  Wire 


Weight  per  Foot  of  Cable  that  can  be  Supported 


No.  9  B.  W.  G. 
No.  8  B.  W.  G. 
No.  4  B.  W.  G. 

Stranded  Wire 


0.802 
0.997 
2.076 

0.630 
0.783 
1.631 

0.515 
0.640 
1.334 

0.401 
0.498 
1.037 

1.440 

1.110 

0.890 

0.670 

2.050 

1.580 

1.266 

0.953 

2.630 

2.030 

1.630 

1.230 

3.650 

2.818 

2.263 

1.709 

3.090 

2.430 

1.990 

1.550 

4.400 

3.460 

2.832 

2.206 

5.630 

4.430 

3.630 

2.830 

7.810 

6.146 

5.036 

3.928 

0.286 
0.356 
0.741 


0.450 
0.640 
0.900 
1.154 


1.110 
1.580 
2.030 
2.818 


343.  As  the  cable  is  not  attached  to  the  messenger  until  the 
latter  is  pulled  up  to  the  proper  tension,  it  is  necessary  to  adjust 
the  sag  of  the  messenger  to  a  value  somewhat  less  than  that  de- 
sired when  the  cable  is  in  place.  The  amount  of  difference  to 
allow  is  generally  determined  from  experience. 


*Iii  thk  table  no  allowanoe  b  made  for  sieet  or  snow,  or  a 


ocer  ear. 
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344.  As  a  cable  is  seldom  erected  in  the  coldest  weather,  the 
deflection  to  allow  at  other  temperatures,  to  produce  a  given 
deflection  at  the  minimum  temperature,  must  be  obtained. 
This  may  be  done  as  follows: 

345.  First  the  length  L'  of  the  messenger  is  calculated,  when 
it  has  the  proper  sag  at  the  lowest  temperature,  by  means  of  the 
formula 

in  which  L  and  d  have  the  same  values  as  in  Art.  340. 

Then  if  d!  equals  the  sag  at  any  other  temperature,  and  U' 
equals  the  length  of  the  messenger  at  that  temperature. 


-v 


3L{U'—L) 


8 

L"  is  obtained  by  multiplying  U  by  [i-f-  {the  coefficient  of 
expansion  X  the  difference  in  temperature)]*.  The  coefficient  of 
expansion  for  steel  wire  may  be  taken  as  .0000066  and  for  iron 
wire  as  .0000068. 

Take  as  an  example  the  i  in.  messenger  cable  previously  used. 
Suppose  the  cable  is  to  be  erected  at  a  locality  where  the  mini- 
mum temperature  is  10  deg.  below  zero,  but  that  on  the  day  the 
cable  is  to  be  strung  the  thermometer  indicates  80  deg.  above 
zero.  Since  the  sag  at  the  minimum  temperature  is  to  be  one 
per  cent  of  the  span,  or  one  foot,  we  have  by  substituting  in  the 
formulas, 

L'  =  100-h^^   =100.0267  ft. 

L"  =  100.0267[1  +  (.0000066  X  90 )]  =  100.086 


and   ^.^^^xioojioome-ioo)^^^^^ 

346.  Testing:  Before  making  connections  to  a  cable  or 
before  it  is  removed  from  the  reel  it  should  be  tested  for  breaks  or 
crosses.  The  same  general  method  as  that  described  in  Arts. 
426-430  for  lead  covered  cables,  may  be  followed.  In  making 
the  test  for  broken  mires ,  the  battery  should  be  connected  to 
good  wire  in  the  cable  instead  of  to  the  lead  sheath. 

•See  HMt  and  Ucbt^ 
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347.  Stringing  Cables:  Following  the  erection  of  the  mes- 
sengers, the  red  with  the  cable  that  is  to  go  up  first  is  placed 
ahead  of  the  pole  at  which  the  cable  is  to  start,  and  arranged  either 
on  wheels  or  reel  jacks,  so  that  it  may  turn  and  allow  the  cable  to 
unwind.  The  lagging  is  then  removed  carefully,  and  screws  or 
nails  in  the  edges  pulled  out  to  prevent  damage  to  the  cable  cov- 
ering. The  reel  should  be  placed  so  that  the  cable  will  come  off 
from  the  top  in  unwinding. 

348.  A  guide  vnrey  sometimes  called  a  leading  up  wire,  may 
now  be  run  from  the  pole,  at  which  the  cable  is  to  start,  to  the 
ground  at  a  point  near  the  reel,  where  it  is  suitably  secured. 
The  purpose  of  this  is  to  provide  an  incline  up  which  the  cable 
may  pass  from  the  reel  to  the  first  pole.  Following  this  a  suitable 
rope,  of  sufficient  length  to  extend  from  the  reel  to  the  pulling 
apparatus,  is  attached  to  the  end  of  the  cable.  Attachment  is 
made  by  some  form  of  cable  grip,  and  a  swivel  is  placed  between 
the  grip  and  the  rope.  The  grip  should  be  applied  so  as  to  dis- 
tribute the  pulling  strain  as  uniformly  as  possible  over  the  core 
and  covering  of  the  cable.  At  the  cable  pole  a  wooden  pulley 
block  with  a  large  sheave  may  be  located,  with  its  top  just  below 
the  messenger,  to  facilitate  running  the  cable.  The  pulling  rope 
is  supported  on  pulleys  at  each  pole,  and  the  power  to  pull  the 
cable  is  supplied  by  a  capstan  or  winch,  located  at  the  end  of  the 
stretch. 

349.  An  inspector  is  usually  stationed  at  the  reel  to  watch 
for  defects  in  the  cable,  and  prevent  any  defective  cable  from 
being  strung.  One  method  for  stringing  cable  requires,  in  ad- 
dition to  the  inspector,  three  other  men  at  the  reel,  two  men  at  the 
first  pole,  one  man  at  every  other  pole,  and  three  men  to  handle 
the  winch. 

After  the  rope  is  attached  to  the  cable,  it  is  passed  over  the 
supporting  pulleys  and  finally  laid  upon  the  winch  to  be  wound 
up.  The  winch  is  operated  so  that  the  velocity  of  the  rope  is 
low,  about  12  ft.  per  minute.  As  the  cable  starts  to  unreel,  one 
man  marks  off  the  points  where  the  hangers  are  to  be  attached, 
allowing  equal  spaces  of  about  20  in.  between  them.  Other 
lengths  of  spaces,  varying  from  18  to  24  in.,  are  sometimes  used. 
The  next  man  attaches  the  hangers  to  the  cable  at  the  marks. 
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and  the  third  hooks  every  fourth  or  fifth  hanger  upon  the  guide 
wire.  •  At  the  first  pole  one  of  the  men  guides  the  cable  over  the 
sheave,  while  the  other  unhooks  the  hangers  from  the  guide  wire 
and  hooks  them  on  to  the  messenger  wire.  As  the  hangers  reach 
the  men  on  the  other  poles,  they  unhook  them  and  then  hook 
them  again  as  soon  as  they  have  passed  the  messenger  supports. 
After  the  drawing  is  commenced,  it  should  proceed  uniformly 
and  steadily  until  the  entire  length  of  cable  is  in  position.  When 
the  end  of  the  cable  reaches  the  next  to  the  last  pole,  a  signal  is 
given  and  all  the  men  hook  all  hangers,  so  that  when  the  cable  is 
in  place  all  hangers  are  hooked  to  the  messenger.  Finally  a  man 
may  be  sent  over  the  messenger  in  a  cable  car,  to  adjust  all  hooks 
and  see  that  they  are  secured  so  as  to  be  safe  from  unhooking, 
and  to  straighten  out  the  cable  if  necessary. 

350.  Instead  of  sliding  the  hangers  along  the  messenger,  the 
cable  is  sometimes  carried  in  cable  trolleys  which  are  temporarily 
attached  to  the  messenger.  In  this  case  the  hangers  are  either 
hooked  to  the  messenger  when  the  next  to  the  last  pole  is  reached, 
or  this  is  done  by  a  man  riding  along  the  messenger  in  a  cable  car, 

351.  In  place  of  hangers  the  cable  may  be  fastened  to  the 
messenger  by  winding  th^m  together  with  marline.  In  this 
method  the  cable  is  drawn  into  position  by  means  of  trolleys. 
One  end  of  a  piece  of  marline  is  then  tied  to  the  messenger  at  a 
pole,  and  wound  upon  a  spinning  jenny,  which  has  been  placed 
around  the  cable  and  messenger.  The  spinning  jenny  is  then 
pulled  to  the  next  pole  by  means  of  a  rope.  As  it  slides  along 
the  messenger  the  cable  is  drawn  up  into  position,  and  fastened 
by  the  spiral  wrapping  of  marline  which  unwinds. 

352.  Another  method,  used  where  the  cable  is  short,  consists 
in  lashing  it  to  the  messenger  with  marline,  the  distance  between 
successive  lashings  being  about  the  same  as  that  given  for 
hangers. 

353.  At  sharp  bends,  as  in  turning  to  extend  up  or  down  a 
pole,  or  where  a  splice  is  located,  additional  security  should  be 
given  by  lashing  the  cable  or  splice  to  the  messenger  with  mar- 
line. Where  a  line  is  inclined  considerably,  the  cable  should  be 
secured  by  lashing  at  every  pole,  to  prevent  the  hangers  from 
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sliding  along  the  messenger. 

354.  Splicing:  The  splicing  of  lead  covered  cables  will  be 
taken  up  in  Underground  Lines.  Joints  in  rubber  insulated 
cables,  protected  by  an  outer  covering  of  tape  and  braid,  are 
made  as  follows: 

355.  First  the  outer  covering  is  cut  back  a  sufficient  distance, 
so  as  to  expose  a  suitable  length  of  the  insulated  conductors, 
care  being  taken  in  doing  this  to  avoid  injuring  their  coverings. 
The  cerUer  conductor  of  one  cable  end  is  then  spliced  to  the  center 
conductor  of  the  other  cable  end,  and  the  joint  insulated  by 
layers  of  rubber  tape  in  the  same  manner  that  single  rubber 
covered  wire  is  spliced  and  Insulated.  Generally  each  layer  of 
conductors  in  a  cable  has  a  marked  wire,  and  after  the  center 
wires  are  joined  and  insulated,  the  marked  conductor  of  one  cable 
end,  in  the  layer  next  to  the  center  conductor,  is  spliced  to  the 
corresponding  marked  conductor  in  the  other  cable  end,  and  the 
joint  insulated  as  before.  Then  in  this  same  layer,  the  next 
conductor  beyond  the  marked  conductor  of  one  end  is  spliced  to 
the  next  beyond  the  marked  conductor  of  the  other  end,  counting 
in  the  same  direction,  and  so  on  until  all  the  conductors  are 
spliced  each  joint  being  insulated  before  the  next  conductors  are 
spliced. 

The  wires  should  be  cut  so  that  the  joints  will  come  at  the 
proper  place,  the  joints  in  adjacent  wires  being  staggered,  in 
order  that  the  diameter  of  the  cable  may  not  be  increased  un- 
necessarily at  the  splice.  On  account  of  the  extra  length  re- 
quired for  this  arrangement,  sufficient  allowance  must  be  made 
in  cutting  the  cable,  cables  having  a  large  number  of  wires  re- 
quiring a  longer  splice  than  those  having  only  a  few  wires. 

After  the  individual  conductors  are  spliced  a  covering  of 
friction  tape  is  placed  over  all,  the  tape  extending  over  the  outer 
braid  for  about  2  in.  Finally  the  splice  may  be  given  a  coat  of 
P.  &  B.  compound. 

356.  Terminal  and  Junction  Boxes:  These  boxes  are  bolted 
to  the  cross-arms  J  pole,  or  to  a  short  connection  post  located  near 
the  pole.  In  order  to  work  at  boxes  which  cannot  be  reached 
from  the  ground,  pole  seats  must  be  provided  to  support  the 
linemen.    It  is  convenient,  however,  to  place  the  boxes  on  the 
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pole  at  such  a  height  that  they  can  be  reached  from  the  ground, 
the  cables  being  carried  down  the 
pole  to  the  box.  One  method  of 
supporting  the  cables  on  the  side 
of  a  pole,  when  they  are  carried 
down  to  a  box,  is  by  means  of  por- 
celain inavlatoTs  with  large  grooves, 
as  shown  in  Fig.  229,  the  cables 
being  tied  in  place  with  marline. 

The  cable  is  carried  into  the  box 
at  the  bottom,  and  its  wires  separated 
and  distributed  to  the  binding  posts. 
When  taped  or  braided  cables  are 
used  this  is  done  as  shown  in  Fig. 
230. 

357.     If  the  wires  leading  from  a 

junction  box  are  to  continue  as  open 

"*•  *"  wires  run  on  insulators,  the  rubber 

covered  wires  leading  from  the  box  are  generally  distributed 

up  the  pole  and  along 

the  cross-arms  by  the 

use    of    spider    wire 

cleats,  bridle  rings,  or 

trunking,  etc. 

Another  method  of 

doing  this  is  shown  in 

Fig.  231.    The  wires 

are    carried    through 

the     sides     of     the 

junction   box  in  por- 
celain    bushings,     a 

metal     shield     being 

provided   to   prevent 

the       entrance       of 

water. 
358.     Loop    and  ^^ 

Branch  Lines:     Aer- 
ial   cable     is     often  "*■  *" 
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employed  for  loop  and 
branch  lines.  If  the 
main  line  is  also  an  aerial 
cable,  connections  be- 
tween the  main  line  and 
the  loop  ■  or  branch  are 
made  in  a  junction  box. 
The  loop  or  branch  cable 
is  run  from  the  junction 
box  to  its  destination 
supported  by  a  me-ssen- 
ger,  in  the  same  manner 
that  the  main  line  is 
run.  In  some  cases, 
where  the  distance  is 
very  short,  no  messen- 
ger is  required,  the  cable 
being  sufficiently  strong 
to  support  itself.  In 
such  cases  the  ends  may 
be    supported    by    lashing 


ru. 231 

them  with  marline  to 
an  eye  or  hook  bolt, 
or  other  support. 

359.  If  the  main 
line  is  composed  of 
open  wires,  spider  wires 
may  be  run  to  a  junc- 
tion box,  where  con- 
nections are  made  to 
the  cable  forming  the 
loop  or  branch.  In 
some  cases,  one  of  which 
is  shown  in  Fig.  232, 
the  junction  box  is  not 
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used,  the  wires  of  the  cable  being  connected  directly  to  the  line 
wires.  Another  method  used  for  short  distances,  which  does 
not  require  a  junction  box,  is  to  eimply  bunch  the  spider  wires 
together  in  a  hand  made  cable. 

360.  Hand  Hade  Cables:  There  are  several  methods  of 
making  hand  made  cables.  Thus  the  wires  may  be  bound  to- 
gether with  tape,  or  they  may  be  wound  or  tied  with  marline  as 

shown    in    Fig.    233. 
(  Such  cables  may  be 
supported  by  a  mes- 
neeessary, 
although     for     short 
ft*-  233  distances  the  messen- 

ger is  usually  omitted,  the  cable  being  strong  enough  to  support 
itself.  A  method  of  increasing  the  strength  of  the  cable,  when 
no  messenger  is  to  be  used,  is  to  include  in  it  a  weatherproof  iron 
or  steel  wire,  which  is  suitably  fastened  at  the  ends  and  serves  to 
support  the  cable. 

361.  Lightning  Protection:  Lightning  arresters  are  often 
installed  in  terminal  or  junction  boxes,  to  protect  the  line  when  it 
changes  from  cable  to  open  wire 

construction,  and  usually  when 
it  is  connected  to  a  branch  or 
loop,  as  shown  in  Fig.  230.  This 
illustration  also  shows  the 
ground  wire  carried  above  the 
top  of  the  pole  for  further  pro- 
tection against  lightning  dis- 
charges. In  addition  the  mes- 
senger wire  is  often  grounded 
for  this  purpose. 

362.  Entering  Buildings  : 
One  method  of  bringing  a  cable 
into  a  building  is  shown  in  Fig. 
234.  The  cable  is  supported 
between  the  pole  and  the  build- 
ing on  a  messenger,  and  passes  "*■  *** 
through  the  wall  of  the  building  in  a  sheltered  place  to  prewnt 
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the  entrance  of  moisture.  The  messenger  is  secured  to  the 
building  either  by  passing  it  through  a  hole  in  the  wall  and  wrap- 
ping it  around  a  beam  or  joist,  fastening  the  ends  with  clamps; 
or  an  eye  bolt,  employing  an  O.  G.  washer  if  there  is  considerable 
strain,  is  passed  through  the  wall  and  the  messenger  fastened  to 
this.  At  a  point  a  few  inches  from  the  wall,  the  cable  is  securely 
lashed  to  the  messenger  with  marline,  in  such  a  manner  as  to 
prevent  it  from  slipping  away  from  the  building.  It  is  then  bent 
down  into  a  drip  loop  after  which  it  passes  through  the  wall. 
In  place  of  using  a  drip  loop  the  cable  is  frequently  carried  from 
the  line  to  the  building  on  an  upward  incline,  so  that  water  tends 
to  run  away  from  the  entrance,  this  method  being  particularly 
desirable  when  several  cables  are  bunched  together  and  enter 
a  building  at  the  same  point. 

Another  method  is  to  carry  the  cable  down  the  pole  and  to  the 
building  in  trunking.  The  method  of  connecting  the  trunking 
to  the  building  will  be  described  later. 

MAINTENANCE 

363,  Cables,  while  less  subject  to  disturbances  than  open 
wires,  are  sometimes  damaged  by  causes  such  as  lightning  dis- 
charges, bullets,  etc.,  which  may  injure  the  insulation  and  pro- 
duce breaks  or  crosses.  In  general,  injury  to  cables  is  more 
difficult  to  discover  by  inspection,  than  in  the  case  of  open  wires, 
since  the  condition  of  the  outer  insulation  is  about  all  that  can  be 
observed.  Thus  injury  due  to  bullets  may  sometimes  be  dis- 
covered by  the  frayed  appearance  of  the  braid  where  cut  by  the 
bullet. 

364.  If  junction  boxes  are  placed  at  frequent  intervals,  the 
section  of  cable  between  every  two  boxes  may  be  tested  with  a 

voltmeter  or  other  instrument  and  in  this  manner  the  fault  lo- 

* 

cated  in  a  particular  section.  The  method  of  locating  a  break  is 
to  connect  a  battery  to  the  faulty  wire  and  a  good  wire  at  a  junc- 
tion box  or  other  convenient  place.  Then  the  voltmeter  will 
give  an  indication  when  connected  to  the  same  wires,  until  the 
section  containing  the  break  is  reached.  After  this  section  is 
passed  the  needle  will  not  be  deflected.  In  the  case  of  a  cross  the 
same  method  may  be  employed,  if  the  wires  are  disconnected  at 
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the  point  where  the  voltmeter  is  attached,  and  only  the  portion 
between  the  battery  and  voltmeter  tested. 

After  the  section  containing  the  fault  is  found,  the  outer  cover- 
ing of  the  cable  may  be  opened  at  some  point  along  this  section, 
such  as  an  old  splice,  if  there  is  one,  and  each  portion  again 
tested,  the  operation  being  repeated,  if  necessary,  until  the  fault 
is  found.  At  the  point  where  the  outer  braid  is  removed,  con- 
nections to  the  different  conductors  may  be  made  by  spreading 
them  apart,  and  pricking  through  the  insulation  with  a  needle 
pointed  instrument,  thus  avoiding  the  necessity  of  removing  their 
insulation. 

365.  The  general  procedure  for  making  insulation,  resistance 
tests  J  and  for  locating  crosses  and  grounds  by  the  Varley  and 
Murray  Loop  tests  has  already  been  described.  In  making  tests 
of  insulation  resistance,  it  is  very  important  that  the  lead  wires 
from  the  instrument  to  the  cable  be  perfectly  insulated  from  each 
other.  Otherwise  a  serious  error  may  be  introduced  into  the 
measurements.  In  locating  crosses  and  grounds  by  the  Varley 
and  Murray  loop  tests,  proper  allowance  should  be  made  for 
the  resistance  of  the  wires  leading  from  the  instruments  to  the 
cable.  One  method  is  to  make  these  wires  the  same  size  as  the 
wires  under  test,  so  that  they  may  be  considered  as  an  extension 
of  the  cable  wires.  Another  method  is  to  make  them  short  and 
of  sufficient  size,  so  that  their  resistance  may  not  be  appreciable. 

366.  Cables  are  frequently  provided  with  one  or  more  spare 
wires,  so  that  in  case  a  wire  develops  a  fault,  it  may  be  dis- 
connected and  a  spare  wire  substituted  in  its  place. 

367.  If  a  cable  provided  with  marked  conductors  contains  an 
old  splice,  care  should  be  taken,  before  making  connections  in 
accordance  with  the  markings,  to  determine  that  the  proper 
conductors  are  joined  at  the  splice. 

368.  Practically  the  only  care  that  a  braided  cable  requires, 
other  than  seeing  that  the  poles,  messenger,  and  oth^r  acces- 
sories are  in  the  proper  condition,  is  to  paint  it  at  intervals  of 
about  two  and  one  half  years.  Stockholm  tar  is  recommended 
for  this  purpose,  as  it  is  said  to  remain  pliable  and  not  to  become 
hard  and  brittle  with  age. 
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369.  For  the  purpose  of  affording  better  protection  against 
the  elements  and  other  disturbing  causes,  and  to  do  away  with 
unsightly  and  inconvenient  masses  of  overhead  wires,  lines 
generally  in  the  form  of  cables  are  often  run  underground.  In 
some  instances  properly  protected  cables  have  been  buried 
directly  in  the  earth,  and  in  other  cases  they  have  been  given  the 
additional  protection  afiorded  by  encasing  them  in  concrete,  or 
by  encloaing  them  in  wooden  boxes  filled  with  pitch,  systems  of 
this  kind  being  known  as  solid  systons.  Present  systems,  how- 
ever, are  almost  all  of  the  type  employing  some  form  of  conduit 
or  duct  to  protect  the  cable,  and  arranged  so  that  the  cable  may 
be  introduced  or  removed  as  desired.  To  make  this  operation 
possible,  means  for  getting  at  the  conduit  such  as  manlioles 
must  be  introduced  at  points  spaced  from  350  to  400  ft.  apart. 
At  each  of  these  manholes,  the  sections  of  conduit  joining  them 
end,  and  cables  may  be  drawn  in  or  out  of  the  open  ends. 

MATERIALS  OP  CONSTRUCTION 

370.  Cooduit:  Many  types  of  conduit  have  been  proposed 
and  used,  of  which  the  following  are  examples  of  the  most  suc- 
cessful. 

371.  The  pomp  1<^  conduit,  Fig  235,  is  made  out  of  creosoted 
wood,  and  is  generally  laid  without 
concrete.  The  sections  are  about 
8  ft.  in  length  with  holes  varying 
from  1}  to  3  in.  in  diameter  The 
ends  are  doweled  to  preserve  align- 
ment, and  2  in.  creosoted  planks  are 

placed  on  top  of  the  conduit  to  pro- 
tect it  from  picks,  etc.  This  form 
of  conduit  is  cheap  to  install,  but  has  *■"•  *** 

a  life  probably  not  exceeding  twenty-five  years  under  the  most 
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favorable  circumstances,  and  not  more  than  ten  or  fifteen  years 
under  less  favorable  conditions. 

372.  Wrought  iron  pipe  surrounded  by  concrete  is  successfully 
used  for  conduit,  having  proved  one  of  the  best  forms.  Although 
the  pipe  may  rust  away  in  time,  the  concrete  becomes  sufficiently 
hard  in  the  interval  to  afford  ample  protection  for  cables.  This 
system  however  is  quite  expensive  to  build.  A  similar  system 
which  is  somewhat  cheaper,  malces  use  of  thin  sheet  iron  pipes 
lined  with  cement,  the  pipes  being  embedded  in  concrete. 

Wrought  iron  pipe  conduit  is  sometimes  laid  directly  in  the 
ground,  no  concrete  being  used. 

373.  A  form  of  conduit  in  very  general  use  is  made  of  vitrified 
clay,  terra  cotta,  or  earthenware,  enclosed  by  concrete.     Various 

shapes  are  on 
the  market, 
among  which 
■:  the  single 
duct,  Fig.  236, 
and  the  multiple  v**-  23? 

One  of  the  latest  forms  of  conduit  is  made  in  the  form  of 


pipes,  Fig.  238,  of  a  material  called  bitumimzed  fiber.     Among 
other  advantages  it  is  claimed  that  this  form  of  conduit  is 
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moisture  proof  and  non-corroeive.     It  is  made  in  lengths  of  2^  to 
-    —  7  ft.,  and  the  ends  are 

provided    with  joints 
that    may    be    made 
water  and  gas  tight. 
It  is  sometimes  em- 
i   bedded    in    concrete 
when  laid. 
375.       Handholes, 
i    Fig.   239,   and   man- 
'    holes,  Fig.   240,  also 
rti.  Z39  known     as     splicing 

chambers,  are -generally  built  of  concrete  or  brick.-  They  are 
constructed -with- iron 
covers  to  provide  a 
means  of  entrance  to 
the  conduit  and  pro- 
vision is  usually  made 
in  the  case  of  man- 
holes, to  drain  away 
moisture  to  the  sewer. 

376.  CaUe:  The 
cable  used  for  under- 
ground work  is  gener- 
ally covered  with  a  fu.  240 

lead  sheath  to  protect  it  from  moisture  and  chemical  action.  In 
addition  to  this,  that  intended  to  be  laid  directly  in  the  ground  is 
provided  with  an  arjrurr  of  galvanized  st«el  wire  or  tape,  and 
wrappings  of  tarred  jute. 

377.  Connectors:    Copper  connectors  or  sleeves  of  straight 

and  T  form.  Fig.  241,  may  be  used 
in  splicing  together  the  wires  of 
cables.  They  have  a  cross-sectional 
area  equal  to  that  of  the  wire  they 
fit,  and  are  usually  split  along  one 
side,  so  that  they  may  be  forced 
together  into  close  contact  with  the 
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wire,  by  means  of  the  pliers  or  hammer.     Connectors  of  this  type 
are  always  soldered. 

378.    Slaeres:    Lead  sleeves,  which  are  often  used  to  connect 
the  lead  sheaths  of  cables  at  a  joint,  are  lead  tubes  with  an  in- 


Fld.  242 

ternal  diameter  somewhat  larger  than  the  external  diameter  of 
the  sheath,  the  diameter  of  the  sleeve  depending  on  the  number 
of  conductors,  character  of  joints,  etc.  In  the  ease  of  single 
conductor  cables,  an  internal  diameter  i  in.  larger  than  the  ex- 
ternal diameter  of  the  sheath  is  sufficient.  In  the  case  of  multi- 
conductor  cables,  on  account  of  the  space  required  by  the  joints, 
and  also  in  the  case  of  high  tension  cables,  on  account  of  the 
additional  thickness  of  insulation  required  at  the  joint,  it  may 
be  necessary  to  increase  the  difference  in  diameter  to  1  or  IJ  in. 
Sleeves  should  be  of  such  length  that  each  end  will  overlap  the 
lead  sheaths  of  the  cables  by  at  least  J  in.,  and  the  lead  should  be 
at  least  as  thick  as  that  of  the  sheaths.  Sleeves  of  this  kind  are 
joined  to  the  cable  sheaths  by  wiped  joints. 

Fig.  242  shows  a  lead  T  used  to  connect  the  lead  sheaths  of 

cables,  in  making  one  form  of  branched  joint  called  a  T  joint. 

379.     TTnderground  Junction  and  Joint  Boxes:     The  sheaths 

of  cables  are  generally  joined  together 

with  a  lead  sleeve,  but  where  it  is 

desirable   to  obtain  quick  and  easy 

access  to  the  conductors,  for  changing 

I  connections,  testing,  etc.,  a  form  of 

I  junction  box  is  used.     Fig.  243  shows 

'one  of  many  types  of  these  devices, 

PU.  243  This  is  arranged,  so  as  to  be  rendered 
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moisture  proof,  by  making  wiped  joints  between  the  box  andthe 
cable  sheaths  and  placing  a  rubber  gasket  underneath  the 
cover. 

380.     Fig.  244  shows  a  joint  protection  coupling  for  connecting 


Fid    244 

the  armor  of  steel  taped  cables.  It  may  also  be  used  for  wire 
armored  cables.  This  device  simply  connects  the  armor,  the 
lead  sheath  being  connected  by  a  sleeve  in  the  regular  n 


ru.  24S 

381.     In  Fig.  245-246  are   shown  split  joint-boxes  for  cables 

armored       -  •            ■  Special 

provision  armor, 


FW.  246 

and  the  joint-boxes  are  rendered  moisture  proof  by  filling  them 
with  insulating  compound. 

Fig.  247  shows  another  form  of  this  type  of  joint-box,  which  is 
provided  with  brass  nipples  to  which   the  cable  sheaths  may-be 
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soldered.     The  armor  is  secured  by  split  couplings,  which  are 
corrugated  at  one  end  where  they  clamp  the  armor,  and  provided 


with  grooves  at  the  other  end  which  clamp  around  suitable  pro- 
jections on  the  nipples.  This  box  may  also  be  used  as  a  junction 
box. 

382.  Terminals:  These  are  devices  which  are  placed  at  the 
ends  of  cables  the  wires  of  which  are  insulated  with  materials 
liable  to  be  affected  by  moisture.  They  afford  a  convenient 
method  of  making  connections,  and  prevent  moisture  from  enter- 
ing the  ends  of  the  cable.  Terminals  are  made  in  many  different 
forms  for  different  classes  of  service.  In  general  they  consist  of 
some  form  of  cup,  gener- 
ally made  of  metal,  which 
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is  connected  to  the  cable  sheath.  The  conductors  of  the  cable 
are  connected  to  rubber  covered  leading  out  wires  inside 
this  cup.  After  the  joints  have  been  made  and  insulated,  the 
cup  is  filled  with  an  insulating  compound,  and  the  open  end 
protected  by  a  cap  of  insulating  material.  •  Fig.  248  shows  a 
terminal  for  open  air  work  and  Fig.  249  a  similar  terminal  for 
indoor  work. 

« 

383.  Duct  mouth  protectors.  Fig. 
250,  are  used  to  prevent  the  edges  of 
the  ducts  from  injuring  the  lead 
sheaths  of  cables.  That  shown  in  the 
illustration  is  made  of  zinc  or  galvan- 
Fii.  2ao  ized  iron. 


CONSTRUCTION  TOOLS 

384.  A  few  tools  used  specially  for  the  installation  of  under- 
ground cable  lines  are  as  follows: 

Rods  of  wood,  Fig.  251,  about  one  inch  in  diameter  by  3  or  4  ft. 
long,    provided    with 
coupling    devices    at 
the    ends    by    which 
they   may  be   joined  Fig.  zai 

together,  are  used  to  pull  the  draw-rope  through  the  conduit. 
This  operation  is  called  rodding, 

385.  In  place  of  rods  a  tempered  steel  tape,  about  ^  in.  by 
No.  19  B.  &  S.  G.,  may  be  pushed  through  the  duct  and  used  to 
pull  in  the  draw-rope.  This  device  is  known  as  a  fish  tape  or 
snake. 

386.  In  some  cases,  particularly  when  several  ducts  are  to  be 
rodded  at  one  time,  instead  of  pulling  in  draw-ropes,  wires  are 
drawn  in.  No.  10  or  12  B.  W.  G.  iron  wire  usually  being  employed. 
These  are  left  in  the  ducts  and  can  be  used  later  to  draw  in  the 
rope.     Such  wires  are  known  as  fish  wires. 

387.  The  draw-rope  is  generally  a  manilla  rope  of  the  best 
quality,  varying  from  J  to  1 J  in.  in  diameter.  The  ends  may  be 
provided  with  thimbles,  to  which  are  fastened  short  lengths  of 
chain,  provided  with  swivels  at  the  ends  and  suitable  hooks  to 
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fasten  to  the  cable  grip. 

388.     When  a  capstan  or  winch,  located  on  the  street,  ia  used 
to  furnish  the  power  for  pulling  the  cable,  an 
arrangement  of  pulleys,  similar  to  that  shown  in       " 
Fig.  252,  is  used  to  lead  the  draw-rope  out  of  the 


ru.  252  rn.  28a 

manhole.      A  special  winch,  Fig.  253,  arranged  to  work  in  the 
manhole  is  sometimes  used. 

389.  The  chipping  knife,  shown  in  Fig.  254  has  a  heavy  blade 
with    a    strong    edge 
and  broad  back,  and 
is    used    for    cutting 
lead     sheaths.         In 

use    it    is    held    and  fh.  2S4 

guided  with  one  hand,  while  it  is  forced  into  the  lead  by  striking 
it  on  the  back  with  a  hammer. 

390.  The  shave  hook,  Fig.  255,  has  a  blade  with  a  sharp 
edge  and  is  used  to  scrape  the 
surfaces  of  lead  sheaths  and 
sleeves,  where  a  joint  is  to  be 
made. 


391.    Wiping  cloths  or  pads 

are  made  of  several  thicknesses 

of  the  kind  of  cloth  known  as 

r«.  289  ticking,  and  are  rectangular  in 

shape  measuring  about  3}  by  4  in.    One  surface  is  coated  with 

tallow,  or  chalk  and  tallow,  to  prevent  the  solder  from  sticking 

to  it. 
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INSTALLATION 

392.  It  is  not  considered  necessary  to  treat  further  of  the 
methods  of  building  duct  lines,  manholes,  etc.,  as  this  part  of 
the  work  is  almost  invariably  done  by  contractors  having  much 
experience  in  this  line  of  construction. 

393.  Preparing  the  Ducts:  Preparatory  to  drawing  in  the 
cable,  the  ducts  should  be  cleaned,  either  by  forcing  water 
through  them  at  a  high  velocity,  or  where  sufficient  pressure  is 
not  available,  by  drawing  a  mandril  through  them.  This  is 
made  of  a  round  piece  of  wood  about  3  ft.  long  and  is  provided 
with  a  scraper  of  leather  or  rubber  to  drag  out  any  foreign  matter 
that  may  have  lodged  in  the  duct. 

394.  Before  anything  can  be  drawn  through  a  duct,  however, 
it  is  necessary  to  get  a  rope  through  it,  which  is  generally  done  by 
rodding.  A  bundle  of  rods  are  placed  in  a  manhole,  and  the 
workman  pushes  one  rod  into  the  duct,  then  attaches  another 
section  and  pushes  that  in,  continuing  until  the  first  section 
reaches  the  next  man  hole.  The  draw-rope  is  then  fastened  to 
this  section,  and  the  rods  drawn  back  and  disconnected,  thus 
pulling  the  rope  through  the  duct.  As  mentioned  before,  iish 
wires  may  be  employed  in  place  of  rope,  when  several  ducts  are 
rodded  at  one  time. 

395.  Obstructions,  such  as  pieces  of  cement,  may  generally 
be  removed,  by  mounting  some  such  device  as  a  piece  of  steel 
pipe  on  the  end  of  the  first  rod,  and  drilling  the  cement  away  or 
knocking  it  loose.  If  the  obstacle  cannot  be  removed  otherwise, 
it  may  be  necessary  to  measure  the  distance  to  it  with  the  rods, 
and  open  the  conduit  at  this  point. 

396.  Drawing  in  Cables:  After  having  made  sure  that  the 
ducts  are  in  proper  condition,  the  reel  carrying  the  cable  is  con- 
veyed to  the  first  manhole,  and  mounted  over  it  on  wheels  or 
reel  jacks,  so  that  it  can  be  turned.  The  reel  is  placed  on  that 
side  of  the  manhole  at  which  the  cable  is  to  enter  the  duct,  and 
arranged  so  that  the  cable  comes  off  from  the  top  in  unwinding. 
As  in  the  case  of  aerial  cables,  the  lagging,  screws,  and  nails  are 
carefully  removed. 
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397.  A  protector  is  now  placed  in  the  mouth  of  the  duet  to 
prevent  injury  to  the  cable  sheath,  the  cable  grip  adjusted,  and 
the  draw-rope  attached.  The  other  end  of  the  draw-rope  is  then 
fastened  to  a  capstan  or  winch,  and  the  cable  pulled  into  position. 
The  speed  at  which  the  cable  may  be  drawn  varies  from  5  to  30 
ft.  per  minute,  according  to  conditions.  Care  should  be  taken 
not  to  bend  cables  too  sharply  where  they  are  fed  into  ducts,  and 
to  prevent  the  sheath  from  being  cut  on  the  edge  of  the  duct  or 
manhole.  The  ends  should  also  be  kept  carefully  sealed  to  pre- 
vent the  entrance  of  moisture.  In  case  the  cable  or  any  conduc- 
tor in  it  is  provided  with  identifying  marks,  all  sections  must  be 
laid  in  the  same  direction  to  insure  proper  registration.  A 
sufficient  length  of  cable  should  be  left  in  each  manhole,  to  enable 
the  cable  to  pass  around  the  walls  where  it  should  be  suitably 
supported. 

398.  Protectors  or  cushions  of  lead,  rubber,  or  other  suitable 
material  should  always  be  placed  under  the  cables  at  the  mouths 
of  the  ducts. 

399.  Splicing:  Lead  covered  cables,  the  wires  of  which  are 
insulated  with  rubber,  are  spliced  as  follows : 

400.  The  cable  is  first  examined  carefully  from  the  edge  of 
the  duct  to  the  sealed  end,  in  order  to  discover  any  injury  to  the 
sheath.  Then,  after  seeing  that  protectors  have  been  placed  in 
the  mouths  of  the  ducts,  the  cables  are  bent  around  the  sides  of 
the  manhole  and  supported  on  suitable  brackets,  the  ends  being 
brought  into  position  for  splicing,  and  allowed  to  overlap  suf- 
ficiently to  permit  the  proper  distribution  of  the  joints  in  multi- 
conductor  cables.  The  splice  when  finished  should  come  be- 
tween supporting  brackets,  so  that  there  will  be  no  strain  upon  it. 

401.  Following  this  the  lead  sheaths  are  marked  at  the  points 
to  which  the  lead  is  to  be  removed  to  expose  the  conductors  for 
the  purpose  of  splicing.  The  amount  of  lead  to  be  removed  is 
governed  entirely  by  the  character  and  size  of  the  cable.  Grooves 
are  then  cut  around  the  sheaths  at  these  points,  generally  with  a 
chipping  knife  and  hammer.  In  order  to  prevent  the  edge  of 
the  knife  from  damaging  the  insulation,  care  should  be  taken 
not  to  cut  entirely  through  the  sheaths. 
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402.  After  the  grooves  are  made  the  sheaths  are  cut  leagth- 
wise  from  the  grooves  to  the  ends.  In  order  to  avoid  injuring 
the  insulation,  this  is  done  with  the  knife  held  at  such  an  angle, 
that  the  edge  will  pass  between  the  lead  and  the  insulation 
without  cutting  the  latter.  After  this  cut  is  made,  the  loosened 
portions  of  the  sheaths  are  removed  with  the  pliers  and  all  sharp 
projections  and  edges  carefully  smoothed. 

403.  Multi-conductor  cables  have  a  belt  of  insulation  placed 
around  the  bunch  of  insulated  conductors,  the  lead  sheath  being 
placed  over  this.  A  portion  of  this  outer  insulation  is  removed, 
allowing  a  suitable  length  to  project  beyond  the  sheath.  In 
doing  this  care  should  be  taken  to  avoid  injuring  the  insulation 
of  the  conductors. 

404.  A  suitable  lead  sleeve  {Art.  378)  is  next  prepared,  by 
scraping  the  outer  surfaces  at  the  ends  with  a  shave  hook  or  knife, 
for  a  length  of  about  2  in.,  the  cleaned  portions  being  covered 
with  a  ^ux  such  as  tallow.  This  sleeve  is  then  slipped  over  the 
more  convenient  end  and  pushed  back  out  of  the  way. 

405.  The  cable  ends  being  in  the  proper  position,  the  in- 
dividual wires  are  straightened  out  and  spliced  together  one  at  a 
time,  the  others  being  carefully  bent  back  out  of  the  way.  An 
approved  method  of  splicing  is  as  follows: 

406.  The  insulation  is  removed  from  the  end  of  each  wire  for 
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a  suitable  distance,  the  conductor  cleaned  and  tinned,  Fig.  256, 
using  rosin  or  tallow  for  a  flux,  and  the  ends  soldered  together, 
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Fig.  257.     The  splice  is  made  with  the  aid  of  a  copper  conneetor, 
Fig.  241,  or  any  other  suitable  method*  is  used.     After  soldering 


rn.  237 
all  surplus  solder  is  carefully  removed,  so  that  no  sharp  pro- 
jections or  edges  are  left  on  the  joint, 

■  407.  Following  this  the  joint  is  thoroughly  insulated  by  ap- 
plying spiral  wrappings  of  pure  rubber  tape.  Fig.  258,  to  a  thick- 
ness of  from  ^  to  jij  in.     This  is  covered  by  rubber  compound 


m.  aas 

tape,  applied  spirally,  until  a  total  thickness  slightly  greater  than 
that  of  the  original  insulation  is  secured.  A  layer  of  friction 
tape  is  then  applied  over  all  the  conductors. 

408.  While  the  preceding  method  is  reliable  for  low  and 
medium  potentials,  for  high  potentials,  such  as  2,200  volts  and 
more,  it  is  advisable  to  cover  the  joints  with  rubber,  which  is 
vulcanized  after  it  is  in  place.     The  following  method  is  recom- 

Tb«  Weilem  L'nicni  lype  of  joint   may  b«   us«d   lor  solid   wirei,    whik  itnndcd 
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mended. 

409.  After  the  copper  wire  or  strand  has  been  spliced,  it  is 
wrapped  with  a  high  grade  of  vulcanizable  rubber  compound.  In 
wrapping  the  splice  it  is  of  the  utmost  importance  that  all 
materials  used,  as  well  as  the  ends  of  the  conductor,  are  scrupu- 
lously clean.  It  is  also  very  important  that  the  operator's  hands 
should  be  entirely  free  from  moisture  of  any  kind.  After  the 
rubber  has  been  applied  to  the  proper  thickness,  which  usually 
makes  the  diameter  somewhat  larger  than  the  outside  diameter 
of  the  insulated  conductor,  the  splice  is  wrapped  with  a  fine  grade 
of  cotton  cloth.  Vulcanization  is  then  effected  either  by  boiling 
the  splice  in  a  small  tank  containing  vulcanizable  wax,  or,  in 
some  cases,  in  a  portable  vulcanizing  press.  If  the  latter  Is  used 
the  cotton  wrapping  is  not  necessary.  The  joint  is  then  finished 
with -friction  tape. 

410.  After  the  insulation  has  been  applied  the  lead  sleeve  is 
drawn  over  the  joint,  each  of  the  ends  being  allowed  to  extend 
equally  over  the  cable  sheaths,  and  the  ends  of  the  sleeve  worked 


down  with  a  mallet,  so  that  they  fit  the  cable  sheaths  closely, 
Fig.  259,  care  being  taken  to  keep  the  sleeve  concentric  with 
the  sheaths.  Then  the  sleeve  and  sheaths  are  joined  by  means 
of  ^mped  solder  joitUs,*  Fig.  260,  which  must  be  made  so  as  to  be 
moisture  proof,  and  finally  the  completed  joint,  Fig.  261,  is 
placed  in  position. 
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411.     T  splices  are  made  in  much  the  same  manner  as  etraigbt 
splices.    The  wires  are  joined  in  this  case  by  a  split  T  copper 


pu.  aeo 

connector,  Fig.  241,  or  other  suitable  type-of  joint,  and  a  special 
lead  T,  Fig.  242,  open  along  one  side  is  used  to  connect  -the 
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sheaths.  This  T  is  slipped  over  the  branch  cable  and,  when  the 
joints  have  been  made  and  insulated,  is  brought  into  position, 
the  split  side  closed  around  the  main  cable,  and  the  edges  caused 
to  register  neatly.  They  are  then  soldered,  and  the  ends  of  the  T 
connected  to  the  sheaths  with  wiped  joints. 

412.  A  better  joint  for  leading  off  a  branch  is  of  the  Y  form. 
The  main  cables  are  arranged  for  spHcing  in  the  regular  way,  and 
the  branch  cable  placed  parallel  to  the  main  cable,  to  which  it  is 
to  be  spliced,  the  lead  sheaths  being  separated  about  i  in.  by  a 
block  of  wood.  After  each  connection  is  made  between  the 
wires  of  the  main  cables  in  the  regular  manner,  the  corresponding 
wire  of  the  branch  cable  is  placed  alongside  the  joint,  and  securely 
fastened  to  it  by  a  serving  of  fine  copper  wire.  Then  all  three 
wires  are  soldered  firmly  together  and  insulation  applied  as  in 
the  case  of  a  straight  joint.  Following  this  the  lead  sleeve  is 
placed  in  position,  and  worked  between  the  sheaths  of  the  main 
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and  branch  cables.     Finally  wiped  joints  are  made  at  the  ends  of 
the  sleeve.     Fig.  262  shows  a  joint  of  this  kind. 


Fii.  262 

413.  Cables  insulated  with  material  that  tends  to  absorb 
moisture,  such  as  paper,  require  special  precautions  in  the  opera- 
tion of  splicing,  to  remove  any  moisture  that  may  be  present,  and 
also  to  prevent  the  entrance  of  moisture  after  the  joint  is  com- 
pleted. Before  splicing,  the  ends  should  be  tested,  after  they  are 
opened,  by  dipping  them  into  hot  insulating  compound,  the 
presence  of  moisture  being  denoted  by  bubbles.  If  bub- 
bles appear  the  cable  should  be  cut  back  a  little  at  a  time, 
until  there  is  no  further  indication  of  moisture.  If  no  more  can 
be  cut  off  and  moisture  is  still  present,  heat  should  be  applied 
to  the  lead  sheath,  beginning  at  the  duct  mouth  and  slowly 
passing  to  the  end  of  the  cable,  the  object  being  to  expel  the 
moisture  from  the  open  end.  If  allowable,  a  gasoline  furnace 
or  torch  may  be  used  for  this  purpose;  otherwise  the  heating  may 
be  accomplished  by  pouring  very  hot  insulating  compound  over 
the  cable,  and  catching  it  in  a  vessel  held  underneath. 

414.  Joints  in  such  cables  are  generally  insulated  by  spiral 
wrappings  of  tape,  of  the  same  material  as  the  original  insulation, 
applied  to  a  thickness  somewhat  greater  than  that  of  the  original 
insulation.  After  the  tape  has  been  applied  to  all  the  conductors, 
the  splices  are  boiled  out  by  pouring  hot  insulating  compound 
over  them,  until  no  bubbles  appear  to  denote  moisture. 

When  the  joints  in  the  separate  conductors  have  been  insulated 
and  boiled  out,  a  wrapping  of  suitable  tape  is  applied  over  all 
the  conductors,  the  splice  boiled  out  again,  and  the  lead  sleeve 
soldered  in  position. 

The  joint  is  now  completed  by  filling  it  with  hot  insulating 
compound  poured  through  a  hole  cut  in  the  sleeve,  after  which 
the  hole  is  covered  with  a  thin  lead  cap,  carefully  soldered  in 
place. 
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415.  Wiped  Solder  Joints.  The  following  is  a  general  de- 
scription of  the  method  of  making  wiped  joints.  After  the  lead 
sleeve  is  in  place  and  the  ends  have  been  worked  down  to  the 
cable  sheaths  on  each  side,  the  sheath  is  scraped  bright  for  a 
distance  of  about  2  in.  from  one  end  of  the  sleeve,  and  the  sleeve 
also  scraped  for  the  same  distance  in  the  other  direction,  if  this 
has  not  been  done  before.  Strips  of  paper  about  2\  in.  wide  are 
then  pasted  around  the  sheath  and  the  sleeve,  about  1|  in.  each 
side  of  the  joint,  and  the  brightened  lead  between  them  coated 
with  tallow  candle  grease.  The  joint  at  one  end  of  the  sleeve  is 
prepared  in  this  way,  the  other  joint  being  left  until  the  first  is 
finished.  The  joint  should  be  firmly  supported  in  such  a  position 
that  there  is  at  least  4  in.  space  below  and  on  both  sides  of  it. 

Previous  to  this  the  solder  should  have  been  melted,  ordinary 
half  and  half  generally  being  us^d,  and  heated  to  a  temperature 
just  sufficient  to  char  but  not  ignite  a  soft  wood  chip.  The  solder 
being  ready,  the  wiping  cloth  or  pckf,  previously  warmed 
until  it  is  pliable,  is  held  in  the  left  hand  so  as  to  form  a  sort  of 
trough.  The  dross  is  then  removed  from  the  molten  solder  and 
a  quantity  taken  in  a  warm  ladle  and  poured  slowly  over  the 
joint.  The  stream  should  be  distributed  so  as  to  heat  all  parts 
of  the  joint  as  uniformly  as  possible,  in  order  to  avoid  melting  a 
hole  in  the  lead.  The  wiping  pad,  which  is  placed  below  the 
joint,  catches  the  solder  as  it  runs  off,  and  this  being  held  in 
contact  with  the  under  side  of  the  joint,  warms  that  also. 

As  the  joint  becomes  warm  enough  the  solder  caught  in  the  pad 
is  worked  around  onto  the  top,  and  more  solder  poured  onto  this, 
caught  in  the  pad  so  as  to  heat  the  under  side,  and  also  worked 
around.  This  process  is  continued  until  the  solder  on  the  joint 
becomes  plastic.  Then  if  the  lead  has  become  thoroughly  tinned, 
and  is  hot  enough  to  keep  the  solder  plastic  during  the  balance  of 
the  WDrk,  the  pouring  is  discontinued. 

The  surplus  solder  is  now  wiped  off  with  the  pad,  and  the  rest 
worked  around  the  joint,  from  bottom  to  top,  to  form  a  sort  of 
bulb  extending  between  the  edges  of  the  paper  strips.  Finally 
the  joint  is  finished  by  lightly  drawing  the  pad  across  the  top, 
and  removing  any  portions  of  solder  that  project  beyond  the 
edges  of  the  paper  strips.  The  joint  may  be  caused  to  set  rapidly 
by  fanning  it,  or  spraying  a  little  water  upon  it.     A  small  looking 
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glass  is  serviceable  to  see  if  the  bottom  of  the  joint  is  properly 
made,  and  the  joint  should  be  carefully  inspected  to  insure 
smoothness,  solidity,  and  the  absence  of  air  holes. 

416.  Splicing  Armor.  When  lead  covered  cables  are  armored 
with  steel  wire,  the  wire  must  be  spliced  in  addition  to  making 
the  regular  joint.  Previous  to  making  the  regular  joint,  the 
armor  wires  should  be  bound  with  tie  wires  at  each  side  of  the 
joint,  and  bent  back  out  of  the  way.  When  the  joint  is  com- 
pleted, it  is  protected  by  wrappings  of  jute  placed  over  the  lead 
sleeve.  Then  the  armor  wires  from  one  side  are  bent  down  and 
spaced  uniformly  around  the  sleeve.  As  the  sleeve  is  larger 
than  the  cable  sheath,  spaces  are  left  between  the  wires.  These 
are  filled  with  the  armor  wire  from  the  other  side,  the  wires  being 
interlaced.  Any  surplus  wires  are  cut  off  and  butted  against  the 
corresponding  wires  on  the  other  side.  By  this  method  the 
joint  is  covered  completely  and  evenly  with  armor  wires.  A 
tight  serving  of  wire  is  then  wound  around  the  armor  wires, 
over  the  entire  length  of  the  joint,  and  carefully  soldered  to  the 
armor. 

417.  Cables  armored  with  steel  tape  are  treated  in  a  some- 
what different  way,  the  armor  being  connected  by  a  protection 
coupling,  Fig.  244. 

418.  When  a  split  joint  box.  Figs.  245-246,  is  used,  the  armor 
is  prevented  from  springing  loose  during  the  process  of  making 
the  joint,  by  servings  of  copper  wire,  placed  to  come  just  between 
the  corrugated  clamps  and  the  body  of  the  box.  The  armor  at 
each  side  is  removed  back  to  the  binding  wires,  by  filing  it 
through  with  a  sharp  three  cornered  file  just  inside  of  the  wires, 
and  then  unwinding  and  breaking  it  off.  The  jute  wrapping 
between  the  armor  and  sheath  is  also  removed  to  the  same  point. 

The  joint  is  now  made  in  the  regular  manner  except  that  the 
lead  sleeve  is  omitted,  care  being  taken  in  cutting  away  the  lead 
sheaths,  that  enough  is  left  so  that  they  project  at  least  2  in. 
inside  the  box.  Packings  of  some  material,  such  as  rubber  hose, 
are  then  placed  around  the  lead  sheaths  where  they  pass  into  the 
box,  and  tape  applied  if  necessary,  so  that  when  the  box  is  put 
together  the  packings  will  be  clamped  snugly.  Finally  the 
grooves  around  the  rim  of  the  box  are  filled  with  jute  saturated 
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with  hot  insulating  compound,  the  halves  of  the  box  bolted 
together,  and  the  box  itself  filled  with  hot  insulating  compound. 
In  clamping  the  armor  care  must  be  taken  not  to  put  any  severe 
bending  strain  upon  the  cable,  and  it  may  be  necessary  to  fill  up 
any  space  remaining  between  the  armor  and  clamp  with  thin 
sheet  metal  liners. 

419.  As  the  type  of  box,  Fig.  247,  is  generally  moisture  proof 
without  a  compound  filling,  it  may  be  used  as  a  junction  box. 
For  this  purpose  insulated  terminal  posts  may  be  mounted  in  it, 
so  that  connections  may  be  changed  readily. 

420.  Connections  to  Underground  Lines:  One  method  of 
connecting  an  underground  line  to  an  overhead  line  is  to  place 
a  pole  near  a  manhole  or  handhole,  and  lead  an  iron  pipe,  or 
other  suitable  form  of  conduit,  of  suflScient  size  to  receive  the 
cable,  from  the  manhole  or  handhole  far  enough  up  the  side  of 
the  pole  to  protect  the  cable  from  injury  (Fig.  239).  The 
conduit  is  laid  in  a  long  even  curve  so  that  there  may  be  no 
difficulty  in  drawing  the  cable  through  it.  The  cable  is  ended 
in  a  junction  box  and,  if  the  line  is  to  be  continued  by  open  line 
wires,  the  wires  leading  from  the  cable  are  connected  to  them  by 
rubber  covered  spider  wires.  Lightning  arresters  may  be  in- 
serted between  the  cable  and  the  aerial  line  to  protect  the  cable 
from  high  potential  currents. 

421.  A  method  of  connecting  signal  apparatus  to  under- 
ground cables,  is  to  run  iron  pipe  conduits  from  a  manhole  above 
the  surface  of  the  ground,  and  mount  a  junction  box  on  the 
conduits  at  a  convenient  height.  The  cables  are  brought  up  to 
the  box  through  the  conduits  and  the  desired  connections  made. 

422.  Electrolysis:  In  connection  with  underground  cable 
lines,  this  term  is  understood  to  refer  to  the  pitting  or  eating  avxiy 
of  cable  sheaths,  due  to  the  electrolytic  action  set  up  by  stray 
currents,  generally  from  the  ground  return  circuit  ot  an  electric 
railway.  Thus  if  the  cable  is  a  better  conductor  than  the  ground 
or  rails,  the  current  flows  to  and  along  it,  until  another  path  of 
lower  resistance  offers  itself,  at  which  point  it  leaves  the  cable. 

423.  Danger  from  electrolysis  occurs  at  points  where  the 
current  leaves  the  cable,  or  where  it  is  electropositive  to  the 
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earth  and  surrounding  conductors.  Thus  if  current  can  be 
prevented  from  flo>ving  to  the  earth  from  the  cable,  electrolysis 
will  not  occur.  Although  conduits  of  insulating  material  tend  to 
decrease  electrolysis,  they  cannot  be  depended  upon  to  entirely 
prevent  it. 

424.  Points  where  the  cable  is  electropositive  to  surrounding 
conductors  may  generally  be  determined  by  means  of  a  milli- 
voltmeter,  attached  to  a  pair  of  testing  rods.  These  are  metal 
rods  armed  with  points  sharp  enough  to  make  good  contact  with 
the  cable  sheath  and  other  conductors,  but  not  sharp  enough  to 
injure  the  sheath.  The  method  of  making  the  test  is  to  place 
the  point  of  one  of  the  rods  on  the  CQ,ble  sheath,  and  the  point  of 
the  other  rod  on  surrounding  conductors.  Then,  by  observing 
the  direction  in  which  the  needle  of  the  milli-voltmeter  is  de- 
flected, the  direction  of  the  current  can  be  ascertained,  and 
therefore  whether  the  cable  is  electropositive  or  not  at  this 
location. 

425.  Various  methods  are  used  to  prevent  electrolysis. 
For  example,  the  trolley  wire  or  third  rail  should  be  connected 
to  the  positive  side  of  the  generator.  The  track  should  be  well 
bonded,  and  the  bonds  maintained  in  good  condition,  so  that 
the  resistance  of  the  track  return  circuit  may  be  as  low  as  possible. 
In  addition,  low  resistance  track  return  feeders,  connected  to  the 
track  at  intervals,  tend  to  prevent  the  current  from  seeking  other 
return  circuits.  Danger  points,  where  cable  sheaths  are  electro- 
positive to  surrounding  conductors,  may  be  bonded  to  the  track 
return  circuit,  or  low  resistance  return  feeders  may  be  run  direct- 
ly from  the  generator  to  such  points,  so  that  the  current  will  flow 
from  the  cable  by  a  metallic  path  instead  of  to  the  earth. 

426.  Testing:  Before  connections  are  made  to  cables,  the 
conductors  should  be  tested  for  broken  mres,  crosses,  and 
grounds*.  This  may  be  done  either  before  the  cable  is  unreeled 
or  after  it  is  installed. 

427.  Broken  Wires.  To  make  this  test  all  the  wires  at  one 
end  of  the  cable  should  be  temporarily  joined  together  and 
grounded  to  the  lead  sheath.    To  the  other  end  of  the  sheath 


*Thla  refers  to  wires  grounded  on  the  lead  sheath. 
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one  terminal  of  a  battery  is  connected,  the  other  terminal  being 
connected  to  a  voltmeter,  bell,  or  telephone  receiver.  The  wire 
leading  from  the  voltmeter  or  other  instrument  is  now  connected 
in  turn  to  each  of  the  wires  of  the  cable  at  this  end  of  the  sheath. 
If  the  voltmeter  needle  is  permanently  deflected,  the  bell  rung, 
or  a  continuous  clicking  heard  in  the  telephone  receiver,  the 
connection  in  this  case  being  made  by  rapidly  tapping  the  ends 
of  the  wires,  it  indicates  that  the  wire  is  continuous.  Defective 
wires  should  be  marked  at  both  ends  of  the  cable. 

428.  Due  to  the  capacity  of  a  long  wire,  particularly  in  a 
cable,  the  voltmeter  needle  will  probably  show  a  deflection  when 
contact  is  made,  even  if  the  wire  is  broken.  Therefore  a  long 
enough  interval  must  be  allowed  to  elapse,  to  allow  the  wire  to 
become  charged,  when  the  needle  will  return  to  zero  in  case  the 
wire  is  broken.  For  the  same  reason,  at  the  first  one  or  two 
contacts  a  click  may  be  heard  in  the  telephone  receiver,  but  only 
a  continuous  clicking  at  every  contact  denotes  a  continuous  and 
unbroken  wire. 

249.  Magneto  testing  instruments  cannot  be  relied  on  when 
testing  wires  having  considerable  capacity,  since  suflScient 
current  may  flow,  even  when  the  circuit  is  not  continuous,  to 
ring  the  bell  and  thus  indicate  a  continuous  circuit. 

430.  Crosses  and  Grounds,  One  end  of  the  cable  should  first 
be  examined  to  see  that  all  the  wires  are  separated  from  each 
other,  and  from  the  sheath,  so  that  there  are  no  crosses  or  grounds 
at  this  point.  All  the  wires  at  the  other  end  are  then  connected 
temporarily  together  and  to  the  sheath,  and  one  terminal  of  a 
battery  connected  to  them,  the  other  terminal  being  connected 
to  a  voltmeter  or  other  instrument  as  just  described.  The  cable 
wires  are  now  disconnected  one  at  a  time,  and  connected  to  the 
wire  from  the  instrument.  A  permanent  deflection  of  the  volt- 
meter needle,  ringing  of  the  bell,  or  continuous  clicking  in  the 
telephone  receiver,  indicates  a  cross  or  ground.  If  the  indication 
shows  that  the  wire  is  crossed  or  grounded,  the  defective  wire 
should  be  marked  and  connected  back  with  those  still  untested. 
The  test  should  be  continued  until  nothing  remains  but  defective 
wires.  The  corresponding  ends  of  the  defective  wires  at  the 
other  end  of  the  cable  should  now  be  found  and  marked. 
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431.  If  cables  are  subjected  to  high  voltage  tests,  it  is  es- 
sential that  the  voltage  be  raised  gradually  at  the  beginning  of 
the  test,  and  lowered  gradually  at  its  end,  so  as  to  prevent  im- 
pulsive rises  of  voltage.  One  method  of  accomplishing  this  is 
to  insert  a  resistance  in  the  circuit,  composed  of  a  metal  tank 
containing  water,  into  which  a  sheet  iron  plate  may  be  lowered 
without  touching  the  tank.  One  side  of  the  circuit  is  connected 
to  the  tank  and  the  other  to  the  plate. 

BIAINTENANCE 

432.  At  the  end  of  regular  intervals  of  say  three  months  a 
careful  inspection  should  be  made  of  the  cable  line.  This  should 
include  manholes,  covers,  cables,  duct  mouth  protectors,  ter- 
minals, junction  boxes,  etc.,  and  the  condition  of  the  conduit  so 
far  as  that  can  be  ascertained.  The  cables  should  also  be  tested 
as  often  as  necessary,  to  determine  if  any  changes  should  be 
made  in  the  means  taken  to  prevent  electrolysis.  Small  defects 
when  noticed  should  be  repaired  at  once. 

433.  In  entering  and  leaving  manholes,  care  should  be  taken 
not  to  step  on  the  cables.  In  making  additions,  repairs,  or 
alterations,  the  cables  should  be  moved  as  little  as  possible,  and 
in  case  they  are  moved,  care  should  be  exercised  to  prevent 
straining  the  joints.  In  cold  weather  cables  should  be  warmed 
before  attempting  to  bend  them,  and  in  any  case  sharp  bends 
should  be  avoided. 

434.  The  notes  in  Aerial  Cable  Lines  (Art.  365)  with  regard 
to  insulation  resistance  tests,  and  the  Varley  and  Murray  Loop 
Tests,  also  apply  to  underground  cables. 

435.  If  the  conductors  of  underground  cables  are  accessible, 
the  tests  mentioned  in  Art.  364,  may  be  employed. 

436.  Electrostatic  Capacity  Tests  for  the  Location  of  Breaks, 
In  case  a  wire  in  a  cable  breaks,  the  ends  may  be  entirely  in- 
sulated from  the  other  wires  and  the  sheath.  Under  these  con- 
ditions the  resistance  of  the  wire  is  equal  to  the  insulation  re- 
sistance between  its  portions,  since  the  only  current  that  can  pass 
between  the  portions,  must  leak  through  or  across  the  insulation. 
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If  the  previous  capacity  of  the  wire  is  known  the  location  of 
the  fault  may  be  determined,  by  measuring  the  capacity  of  the 
broken  wire  from  the  testing  station  to  the  point  of  rupture  and 
comparing  the  value  with  the  original  capacity,  the  distance 
from  the  testing  station  to  the  point  of  rupture  having  the  same 
proportion  to  the  total  length  of  the  wire,  that  the  capacity 
measured  has  to  the  original  capacity.  If  the  cable  is  one  having 
considerable  capacity  per  unit  length,  so  that  slight  changes  in 
length  give  rise  to  relatively  large  variations  in  capacity,  this 
method  is  fairly  accurate. 

437.  The  capacity  of  the  wire  may  be  measured  by  compari- 
son with  the  capacity  of  a  standard 
condenser,  connections  being  made  as 
shown  in  Fig.  263. 

It  will  be  noted  that  the  apparatus 
is  arranged,  so  that  either  the  con- 
denser or  the  wire  may  be  charged 
FU.  263  '     from  the  same  battery,  and  discharged 

through  the  galvanometer.  Under  these  circumstances,  the 
relative  capacities  are  proportional  to  the  deflections  produced 
on  the  scale  of  the  instrument,  provided  it  is  a  Ballistic  galvano- 
meter*. If  the  galvanometer  is  shunted,  the  readings  must  of 
course  be  multiplied  by  the  proper  factor**. 

438.  If  an  ordinary  galvanometer  is  used,  or  one  in  which 
the  motion  of  the  needle  is  damped,  a  correction  must  be  made 
as  follows: 

The  first  swing  of  the  needle  is  observed  and  the  deflection 
d'  noted.  The  second  swing  in  the  same  direction  is  also  ob- 
served, and  the  deflection  d''  noted.  Then  the  true  deflection  d 
on  the  scale  is  obtained  from  the  equation, 

d' d" 

4 
If  the  deflections  given  by  the  discharge  of  the  standard  con- 
denser and  the  wire  are  practically  equal,  this  correction  is  not 
required,  as  it  would  be  the  same  in  each  case. 


*A  BaUUtie  galvanometer  differs  from  the  ordinary  galvanometer,  in  that  it  is  con- 
Btrueted  to  have  little  or  no  dampinc,  and  is  provided  with  a  comparatively  heavy  needle, 
which  has  a  relatively  long  period  of  oscillation. 

*^See  MagaetiMn  and  Beclricitj. 
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439.  Suppose  that  the  standard  condenser,  with  a  capacity 
of  C  ,  when  charged  from  the  battery  for  a  certain  length  of  time, 

say  one  minute,  gave  a  deflection  d  on-  discharge  through  the 
galvanometer.     Also  that  the  wire,  with  an  unknown  capacity  C^ 

when  charged  from  the  battery  for  the  same  length  of  time,  gave 
a  deflection  d^,  on  discharge  through  the  galvanometer. 

ThenC    :C      ::    d'.d., 

s        X  ■*■ 

dj 

and  C     =  C    -.  • 
X  s  d 

440.  If  a  good  wire  of  the  same  length  as  the  broken  wire  and 
a  capacity  equal  to  the  original  capacity  of  the  broken  wire  is 
available,  a  simple  method  of  finding  the  location  of  the  break  is 
as  follows: 

The  faulty  wire  is  first  charged  and  the  deflection  of  the  galvan- 
ometer noted  when  it  is  discharged  through  it.  Second,  the  good 
wire  is  charged  and  the  deflection  noted  on  discharge  through  the 
galvanometer.  Then  the  distance  from  the  testing  station  to  the 
break  is  to  the  length  of  the  good  wire  as  the  first  deflection  is  to 
the  second  deflection. 

441.  The  location  of  breaks  by  capacity  tests  is  generally 
not  reliable,  if  the  insulation  resistance  between  the  ends  of  the 
broken  wire  is  less  than  one  megohm.  Therefore  the  insulation 
resistance  between  these  parts  should  be  measured  before  apply- 
ing the  capacity  test. 
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442.  Rubber  insulated  cables  with  an  extra  heavy  lead  sheath 
have  been  satisfactorily  used  for  submarine  lines  where  the 
bottom  is  soft,  and  there  is  no  danger  from  mechanical  injury 
such  as  from  anchors.  In  some  cases  the  lead  sheath  is  covered 
with  one  or  two  layers  of  braid  saturated  with  a  waterproof  com- 
pound. Where  danger  of  mechanical  injury  exists,  cables  must 
have  the  additional  protection  furnished  by  a  bedding  of  tarred 
jute,  over  which  is  placed  steel  tape  or  wire  armory  followed  by  a 
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heavy  covering  of  tarred  jute.  Wire  armor  should  be  used  if 
the  cable  is  liable  to  be  subjected  to  much  tensile  strain.  For 
long  distance  submarine  telegraph  work  lead  sheaths  are  often 
omitted,  as  sufficient  protection  can  be  obtained  by  several  layers 
of  insulating  material.  Gutta-percha  is  excellent  for  this  work 
as  water  has  practically  no  effect  upon  it.  Such  cables  are 
always  armored  however. 

'  INSTALLATION 

443.  For  short  distance  work,  such  as  crossing  rivers  and 
small  lakes,  the  cable  carrying  the  reel  may  be  mounted  at  the 
bow  of  a  tug  or  flat  boat,  the  reel  being  supported  on  a  heavy 
shaft  so  that  it  can  revolve  freely.  The  cable  is  passed  to  the 
stern  of  the  boat  over  rollers  or  pulleys  and  the  shore  end  fastened 
securely  at  the  proper  location.  The  boat  is  then  propelled 
slowly  across  the  water  to  the  point  where  the  cable  is  to  land. 
Care  must  be  taken  to  brake  the  reel  so  that  the  cable  will  not 
over-run  and  to  prevent  any  damage  to  the  cable  in  passing  it 
along  the  boat.  When  the  landing  is  reached  the  boat  should 
anchor  or  beach  prow  on,  after  which  the  remainder  of  the  cable 
is  unreeled  and  dropped  alongside,  the  end  being  carried  ashore. 

444.  When  the  water  is  shallow,  as  at  the  landings,  the  cable 
should  be  laid  in  trenches,  or  submarine  ditches,  to  protect  it 
against  ice  and  the  keels  of  boats.  The  landings  should  be  plain- 
ly marked  with  a  sign,  'TABLE  LANDING,  DO  NOT  AN- 
CHOR," to  prevent  boats  from  anchoring  near  the  cable. 

445.  Coixstruction  at  Draw-bridges:  An  important  use  of 
submarine  cable  is  at  draw-bridges,  where  aerial  lines  cannot  be 
employed  on  account  of  the  height  of  passing  vessels.  The 
cable  is  laid  along  the  bottom  from  bank  to  bank,  or  a  trench 
may  be  provided,  if  the  cable  is  liable  to  injury  from  passing 
vessels  as  explained  before.  At  the  landings  the  cable  may  pass 
into  manhc'^'R,  also  known  as  submarine  terminals,  if  it  is  to  be 
spliced  to  underground  cables.  Otherwise  it  may  be  terminated 
in  junction  boxes,  where  connection  is  made  to  aerial  cables  or 
open  wires.  In  the  latter  instance  lightning  arresters  may  be 
placed  in  the  junction  boxes  to  prevent  lightning  discharges 
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from  entering  the  cable.     The  cable  should  be  securely  fastened 
at  the  ends  so  that  the  connections  are  not  subjected  to  strain. 

446.  In  some  cases  it  is  necessary  to  connect  the  cable  to  the 
draw  span.  One  method  of  doing  this  is  to  run  the  cable  from 
the  banks  to  the  end  of  the  protection  or  fender  pier.  Here  it  is 
brought  up  from  the  water  and  continued  to  the  center  of  the 
draw  span  as  an  aerial  cable.  For  this  purpose  a  cable  pole  is 
erected  at  the  end  of  the  protection  pier,  of  sufficient  height  so 
that  a  messenger  may  be  run  from  the  top  of  it  to  the  center  of 
the  draw  span,  the  cable  being  carried  up  this  pole  and  along  the 
messenger.  The  cable  is  protected  by  pipe  or  other  suitable 
means  from  the  surface  of  the  water  to  the  top  of  the  protection 
pier.  To  allow  the  draw  span  to  turn  without  twisting  the 
cable,  a  device  called  a  turntable  is  erected  at  the  center,  for  the 
purpose  of  supporting  the  cable  at  this  point.  It  is  mounted  on 
bearings  in  such  a  way  that  it  remains  stationary  when  the  bridge 
turns. 

MAINTENANCE 

447.  In  case  it  is  necessary  to  repair  a  short  cable,  or  to 
examine  it  for  injury,  one  end  may  be  securely  fastened  and  the 
other  disconnected  and  drawn  out  upon  the  bank,  until  the  entire 
length  of  the  cable  is  raised  above  the  water,  or  such  portion  as 
is  desired.  The  cable  may  then  be  examined  or  repaired,  that 
portion  over  the  water  being  reached  by  the  aid  of  a  boat. 

In  case  navigation  does  not  permit  this  method,  the  cable  may 
be  caught  with  a  grapnel  and  brought  up  to  a  boat,  or  a  tem- 
porary cable  may  be  laid  and  the  damaged  cable  pulled  out  for 
repairs. 

448.  The  tests  for  locating  faults  that  have  already  been 
described  apply  to  submarine  cables  as  well. 

In  case  of  breaks  or  damage  to  lead  covered  cables,  repairs 
may  be  made  as  previously  described  in  connection  wit  1;^  splicing 
lead  covered  cables.  On  non-leaded  cables  with  rubber  insula- 
tion, it  is  necessary  to  thoroughly  vulcanize  the  rubber  tapes  so 
as  to  cure  the  rubber  and  render  it  homogeneous,  elastic,  and 
water-tight.  It  is  recommended  that  this  part  of  the  work  be 
done  by  experts. 
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EXAMINATION  QUESTIONS 

(1 )  What  are  messenger  wires? 

(2)  Name  two  methods  by  which  cables  may  be  attached 
to  their  messenger  wires. 

(3 )  Which  should  have  more  sag  when  it  is  strung,  a  mes- 
senger wire  installed  in  cold  weather  or  one  installed  in  hot 
weather? 

(4)  When  a  cable  containing  several  conductors  is  spliced, 
why  are  the  joints  in  the  conductors  staggered? 

(5)  What  is  a  hand  made  cable? 

(6)  Name  one  advantage  of  placing  junction  boxes  at 
frequent  intervals  along  an  aerial  cable  line. 

(7)  What  is  a  convenient  method  of  connecting  a  volt- 
meter to  conductors  without  removing  the  insulation? 

(8)  Are  underground  cables  ordinarily  buried  directly  in 
the  earth  or  run  through  ducts? 

(9 )  By  what  means  is  access  had  to  the  ducts  for  the  pur- 
pose of  installing  or  repairing  cables? 

(10)  What  are  duct  mouth  protectors  used  for? 

(11)  What  method  is  generally  used  to  get  the  draw-rope 
through  the  ducts? 

(12)  Why  is  a  lead  sleeve  placed  over  a  splice  in  a  lead 
covered  cable? 

(13)  If  current  flows  from  the  earth  to  a  cable  sheath  at  A 
and  flows  from  the  sheath  to  the  earth  at  B,  at  which  point  is 
there  danger  from  electrolysis? 

(14)  In  testing  a  long  wire  which  is  known  to  be  broken  the 
voltmeter  needle  shows  a  deflection  when  contact  is  made  but 
quickly  returns  to  zero.     What  causes  this? 

(15)  Is  the  location  of  breaks  by  capacity  tests  reliable  if 
the  resistance  between  the  ends  of  the  broken  wires  is  low? 

(16)  How  is  a  submarine  cable  generally  protected  from 
mechanical  injury? 
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1.  The  relays  used  in  signal  work  are  a  development  of  the 
telegraph  relay  described  in  Magnetism  and  Electricity,  ad- 
ditional contacts  generally  being  provided  and  so  arranged  that 
some  will  be  closed  and  others  open  when  the  armature  is 
attracted. 

2.  Relays  are  constructed  in  several  different  forms,  to  meet 
the  various  requirements  of  signal  work.  The  distinguishing 
features  of  each  form  are  briefly  as  follows: 

3.  Neutral  Relays:  A  relay  the  armature  of  which  operates 
regardless  of  the  direction  in  which  the  current  flows  through 
the  coils,  is  known  as  a  neutral  relay. 

4.  A  relay  having  two  sets  of  coils,  and  two  armatures  ar- 
ranged to  interlock  with  one  another  mechanically,  is  known 
as  an  interlocking  relay. 

6.  A  relay  the  armature  of  which  takes  an  appreciable  time 
to  release,  is  known  as  a  slow  releasing  relay.* 

6.  A  relay  which  is  composed  of  two  magnets  or  sets  of  coils 
acting  in  opposition  to  each  other  is  known  as  a  differential 
relay.. 

7.  A  relay  the  coils  of  which  are  double-wound,  that  is, 
having  two  separate  windings  insulated  from  one  another,  is 
known  as  a  compound  wound  relay.** 

8.  A  relay  consisting  of  a  solenoid^  composed  of  insulated 


•Also  known  as  slow  aciing  relays. 

**Also  known  as  double-wound  relays. 

fSee  Mavnetlsm  and  Electricity, — Eledrommgyieiism. 
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wire,  and  provided  with  a  movable  core  upon  which  contacts 
are  mounted,  is  known  as  a  solenoid  relay. 

9.  Polarized  Belays:  A  relay  having  an  armature  the  posi- 
tion of  which  is  governed  by  the  direction  of  the  current  flowing 
through  the  coils,  is  known  as  a  polarized  relay.  This  relay  is 
similar  to  the  neutral  type,  generally  being  equipped  with  a 
neutral  armature. 

The  operation  of  one  type  of  differential  relay  is  dependent 
upon  the  direction  of  current  through  its  coils. 


NEUTRAL  RELAYS 

10.  In  Fig.  1  is  illustrated  a  two-point  neutral  relay,*  and 
in  Fig.  2,  a  section  taken  through  the  center  between  the  coils, 
and  an  inverted  view,  with  the  glass  ring  1,  and  tray  2,  omitted, 
showing  the  armature  and  contact  arrangement. 

Relays  are  constructed  with  as  many  as  six  front  and  four 
back  contacts. 

11.  In  order  to  protect  the  operating  parts  of  the  relay  from 
dust,  moisture  and  mechanical  injury  and  also  to  enable  their 
operation  to  be  readily  observed,  they  are  placed  in  a  trans- 
parent case.  This  case  consists  of  a  glass  rin^g  1,  supported  by 
a  brass  tray  2  and  supporting  a  .brass  base  3,  these  parts  being 
held  together  with  two  screws  5.  Rubber  gaskets  4,  placed 
above  and  below  the  glass  ring,  are  employed  to  seal  the  case 
thus  excluding  dust  and  moisture. 

12.  The  coils  6,  which  extend  through  the  base,  are  held 
in  position  by  the  two  supporting  rods  7,  which  are  firmly 
screwed  into  the  base,  the  back  strap  or  yoke  8,  being  screw- 
ed to  these  rods.  The  coils  are  core  wound**  and  are  covered 
with  a  hard  rubber  casing,  to  protect  them  and  improve  their 
appearance. 


*A  relay  havingr  two  front  contacts  is  called  a  /w<>  point  relay;  ikrte  J^ont 
contacts  a  three  point  relay,  etc.  The  back  contacts  are  not  considered 
in  this  designation. 

**See  Magnetism  ud  Elcetrldty, — EUctromagnetUm, 
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13.  Bone,  brass,  or  phosphor  bronze  armature  stops*  9,  are 
placed  in  the  end  of  the  pole  pieces  10.  In  addition  to  over- 
coming residual  magnetism,  these  stops  prevent  the  armature 
11,  from  sticking,  if  grease  or  other  foreign  substance  accum- 
ulates on  the  armature  or  pole  pieces. 

14.  As  shown  in  Fig.  1,  the  terminals  of  the  coils  are  con- 
nected to  the  binding  posts  which  are  secured  to  the  yoke; 
consequently  these  are  the  posts  to  w^hich  the  wires  of  the 
operating  circuit  must  be  attached.  As  the  yoke  is  made  of 
iron  these  binding  posts  are  of  course,  insulated  from  it,  this 
being  accomplished  in  the  same  manner  as  that  illustrated  in 
Pig.  2,  by  post  12,  which  shows  the  method  of  insulating  the 
posts  from  the  base.  Insulating  paper  or  linen  13,  is  wrapped 
around  the  post  and  lava**  or  other  suitable  insulating  bush- 
ings 14,  are  placed  as  shown.  The  wire  splice  connecting  the 
coils  is  supported  and  protected  by  a  phosphor  bronze  carrier 
15,  which  is  insulated  from  the  wire  by  a  tube  of  insulating 
paper  16. 

15.  The  contact  fingers  17,  which  form  paths  for  the  circuits 
controlled  by  the  relay,  are  rigidly  connected  to  the  armature, 
consequently  moving  with  it.  These  contact  fingers  are  in- 
sulated from  the  armature  in  practically  the  same  manner  as 
the  binding  posts  are  insulated  from  the  base.  The  body  of 
the  contact  finger  is  made  of  stiff  brass,  being  attached  at  its 
pivoted  end  to  the  binding  post,  by  a  thin  strip  of  rolled  an- 
nealed coppert  18,  which  is  very  flexible  and  does  not  interfere 
with  the  operation  of  the  armature.  To  the  free  end  of  the 
contact  fingers  are  soldered  and  riveted  two  pieces  of  flexible 
German  silver  19,  to  which  are  soldered  and  riveted  platinum 
contact  points  20 — 21,  the  latter  being  known  as  the  front 
contact  point  and  the  former,  the  back  contact  point. 

The  front  contact  points,  instead  of  having  but  one  contacting 
surface,  are  generally  cut  into  three  parts  as  shown.  This  is  so 
arranged  in  order  that  a  better  contact  may  be  assured  in  case 
the  entire  point  does  not  make  a  good  connection,  for  instance, 


*See  M«iriietl«m  and  Blectrldty, — Electromagnetitm. 
**Also  called  lavite. 
fAlso  called  copper  ribbon. 
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in  case  of  an  uneven  surface,  or  on  account  of  the  finger  be- 
coming twisted. 

16.  With  the  armature  in  the  position  shown,  the  back  con- 
tact point  20,  makes  connection  with  back  contact  post  22.  To 
insure  good  electrical  contact,  a  platinum  disc  is  soldered  onto 
the  end  of  the  back  contact  post.  In  order  to  allow  the  weight 
of  the  armature  and  contact  fingers  to  rest  upon  the  back  con- 
tact points,  and  to  maintain  a  proper  distance  between  the  pole 
pieces  and  armature,  the  free  ends  of  the  brass  body  of  the 
contact  fingers  are  bent  in  the  manner  shown,  so  that  when  the 
armature  drops,  this  bent  portion  will  rest  upon  the  top  of  the 
back  contact  point.  As  the  back  contact  posts  22,  are  adjust- 
able (that  is,  they  may  be  raised  or  lowered),  the  air-gap 
between  the  pole  pieces  and  armature  may  be  altered  as 
desired. 

When  the  armature  is  raised  the  front  contact  point  21  will 
make  electrical  connection  with  front  contact  post  23,  the  latter 
being  provided  with  a  graphite  or  carbon  block  24,  which  forms 
the  contacting  surface. 

The  platinum  to  platinum  contact  which  is  used  with  the 
back  contact  points  ordinarily  makes  a  better  electrical  con- 
nection than  platinum  to  graphite  or  carbon,  and  was  formerly 
employed  for  both  front  and  back  contacts.  However,  the  use  of 
platinum  to  platinum  for  front  contacts  is  being  done  away 
with  on  account  of  the  tendency  which  there  is  to  fuse  the 
points  together  when  subjected  to  excessive  current,  as  fre- 
quently  occurs   during   lightning   disturbances. 

As  little  danger  ordinarily  results  from  the  fusing  of  back 
contacts,  the  use  of  platinum  is  considered  satisfaetor3^ 

17.  The  graphite  or  carbon  block  when  arranged  as  shown 
in  Pig.  2,  is  soldered  into  the  front  contact  post.  Trouble  is 
sometimes  experienced  with  this  method  of  construction  on 
account  of  resistance  resulting  from  the  presence  of  salts  caused 
by  corrosion,  at  the  surface  of  the  graphite  or  carbon  blocks. 
This  corrosion  is  due  to  the  soldering  flux  not  being  entirely 
removed  when  the  soldering  is  completed. 
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To  overcome  this,  contact  posts  constructed  as  shown  in  Fig. 
3,  are  frequently  employed.    The  construction  shown  in  sketch 

g«       A,  is  used  with  the  relay  illustrated 
^  L     in  Fig.  1,  and  that  shown  in  sketch  B, 
I     II    with  the  relay  illustrated  in  Fig.  9. 
In  sketch  A,  the  graphite  block  C,  is 
held  in  position  by  a  brass  ferrule  D, 
which  is  screwed  onto  the  post, 
being  held  in  position  by  a  phos- 
phor bronze  pin  E.    In  sketch  B, 
the   graphite   block   F   is   clamped 
into    the    holder    G,  by    means    of 
a  screw  H. 


[ 


I 


] 
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18.  Three  br<iss  sta'iid  rods  25,  Fig.  2,  are  screwed  into  the 
base,  being  employed  to  prevent  the  weight  of  the  relay  from 
resting  upon  the  contact  fingers,  in  case  the  ^lasa^ring  is  broken. 

19.  To  illustrate  the  operation  of  a  relay  and  to  identify 
the  symbol  used  to  designate  this  type  of  instrument  on  cir- 
cuit drawings,  a  bell  circuit 
controlled  through  the',  ion- 
tacts  of  a  relay,*  is  shown  in 
Fig.  4.  The  wires  and  parts 
of  the  relay  are  numbered  to 
correspond  with  the  number- 
ing given  in  Fig.  2.  The  back 
contact  is  not  used,  the  cir- 
cuit being  controlled  only 
through  the  front  contact  24.    Z(/    A  ^^'^  fi».4  26''        B  ^27 

Sketch  A  in  which  the  relay  circuit  is  broken  by  key  S, 
and  consequently  the  relay  de-energized  and  the  armature  down, 
represents  the  relay  with  its  contacts  in  the  position  shown  in 
Fig.  2.  As  the  bell  circuit  is  broken  through  the  front  contact 
the  bell  will  not  ring  unless  key  S  is  closed  as  indicated  in 
sketch  B,  thus  completing  the  relay  circuit  and  energizing  the 
relay,  consequently  raising  the  contact  finger  17,  and  completing 
the  beU  circuit  through  the  front  contact. 


•It  should  be  remembered  that  althougrh  in  describing  the  application 
of  this  and  other  relays,  bell  circuits  are  used,  other  instrument*  are 
controlled  by  relays. 
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20.  It  is  apparent  that  an  ordinary  failure  of  a  relay  circoit, 
such  aa  a  broken  wire,  etc.,  will  cause  the  armature  to  drop, 
and  therefore,  circuits,  the  safe  operation  of  which  depends  upon 
this  action  of  the  armature,  are  usually  controlled  through  the 
front  contacts. 

When  B  path  through  the  front  contacts  of  a  relay  is  com- 
pleted, the  magnet  being  energized,  the  relay  is  said  to  be 
closed,  and  when  this  path  is  broken,  the  magnet  being  de- 
energized,  the  relay  is  said  to  be  open. 


21.    A  nentraJ  relay,  which  differs  slightly  in  construction 
from  that  shown  in  Fig.  1,  is  illustrated  in  Pig.  5.     As  indi- 
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cated  the  base  and  tray  are  square,  being  fitted  with  a  square 
glass  employing  felt  instead  of  rubber  gaskets. 

22.  The  pivoted  ends  of  the  contact  fingers  are  attached  to 
the  binding  posts  by  braided  stranded  wire,  instead  of  by 
copper  strips. 

The  coils  are  form  wound*  and  can  therefore  be  removed 
without  disturbing  the  operating  parts  of  the  relay. 

The  construction  of  the  back  contact  posts  should  be  observed. 

23.  In  Fig.  6  is  shown  a  wall  type  neutral  relay,  which  is 
arranged  to  be  screwed  to  a  suitable  support,  being  designed 
to  operate  when  placed  in  a  vertical  position. 

The  base  is  made  of  slate  or  porcelain,  the  latter  material 
being  more  commonly  used.  On  this  account  further  insulation 
is  of  course,  unnecessary.  The  glass  case  was  omitted  on  the 
early  designs,  but  is  now  generally  employed.  The  coils  are 
core  icound.  A  plan  view  and  a  section  of  the  relay  are  given 
in   Fig.  7. 

24.  The  coils  1,  are  rigidly  secured  to  the  base  2,  by  means 
of  the  magnet  stand  3,  which  is  screwed  to  the  base  and  to 
which  the  back  strap  is  attached,  and  also  by  means  of  the 
porcelain  supporting  spectacle  4,  which  is  attached  to  the  base 
with  two  screws  5. 

25.  It  will  be  noted  that  the  movement  of  the  armature  bar 
6,  is  limited  by  the  front  and  back  stop  screws  7  and  8  re- 
spectively, the  former  taking  the  place  of  the  armature  stop 
(Art.  13),  and  the  latter  acting  as  a  stop  to  keep  the  armature 
from  falling  too  far  from  the  pole  pieces  when  the  relay  is 
de-energized. 

A  retractile  spring  9,  which  is  secured  at  one  end  to  the 
armature  bar  as  shown,  and  at  the  other  end  by  means  of  fine 
silk  cord  to  a  tension  post  10,  is  used  to  assist  in  drawing  the 
armature  away  from  the  magnet,  when  de-energized.  The 
knurled  thumb-piece  11,  is  rigidly  fastened  to  the  swivel  shaft 
12,  so  that  when  the  thumb-piece  is  turned,  the  silk  cord  will 


*See  MaKnctlfun  and  Electrleltyy — Electromagnetism, 
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wind  or  unwind  on  this  shaft,  thus  increasing  or  decreasing 
the  tension  of  the  retractile  spring  as  desired,  to  obtain  the 
proper  operation  of  the  armature. 

26.  The  aluminum  contact  fingers  13,  are  provided  with 
platinum  contact  points,  and  are  attached  by  nuts  to  bone  studs 
which  are  screwed  into  the  armature,  the  pivoted  ends  of  the 
fingers  being  connected  to  the  binding  screws  14,  by  flexible 
copper  strips. 

27.  The  front  contact  springs  15,  and  the  back  contact  springs 
16,  are  made  of  German  silver,  carbon  or  graphite  blocks  (some- 
times silvered)  being  soldered  to  the  front  contacts,  and  pieces 
of  platinum  to  the  back  contacts.  This  arrangement  provides 
platinum  to  graphite  for  the  front  contact  points,  and  platinum 
to  platinum  for  the  back  contact  points.  The  springs  are  riveted 
to  brass  pieces  17,  which  in  turn  are  attached  to  brass  clamps  18, 
that  are  adjustably  mounted  upon  the  supporting  spectacle.    The 

portion  of  the  contact  spring 
which  is  secured  to  the  brass 
base  17,  is  slotted  to  permit 
of  its  adjustment.  Adjusting 
screws  19,  are  employed  to 
secure  fine  lateral  adjustment. 
Thus  it  is  apparent  that  the 
contact  springs  may  be  ad- 
justed laterally  and  vertically. 
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28.  A  wiring  diagram  for 
the  relay  illustrated  in  Figs. 
6-7,  is  shown  in  Fig.  8.  This 
shows  the  wiring  between  the 
coils  1,  contact  fingers  13, 
springs  15  and  16,  and  bind- 
ing posts  20.  As  shown  these 
connections  are  all  run  in 
grooves  on  the  back  of  the 
base,  the  wires  for  the  operating  and  controlled  circuits  being 
carried  to  the  binding  posts,  as  indicated  in  Fig.  7. 


cr  (>Lo  x> 
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29.    The  relay  illustratt'd  in  Fig.  9  is  of  the  neutral  type, 
being  generally  similar  to  that  shown  in  Pig.  1. 


The  base  and  tray  are  made  from  insulating  material,  moulded 
to  the  proper  shape. 

The  eoila  are  wound  on  spools  and  eonaequently  can  be  re- 
moved without  disturbing  the  operating  parts.  The  cores  are 
rigidly  attached  to  the  base,  thxis  giving  the  required  support 
to  the  coils. 

30.  In  Fig.  10  is  shown  a  neutral  relay  which  differs  slightly 
in  design  from  those  heretofore  described.  As  will  be  seen  it 
is  of  the  wall  type,  being  arranged  to  be  mounted  on  a  suitable 
support  by  means  of  brackets  1.  The  long  binding  posts  2, 
are  used  in  the  position  shown,  in  order  to  make  them 
easily   aeecBsible.     Bracket   3,  which   is   attached   to   the   back 
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strap  and  supports  the  coil  terminals,  is  made  of  insulating 


31.    In  Fig.   11   is  illustrated  what  is  known  as  a  mercury 
contact  neutral  relay.     The  name  is  derived  from  the  method 
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employed  to  open  and  close  the  controlled  circuits,  this  being 
accomplished  by  mercury^  enclosed  in  hollow  glass  rings,  which 
are  given  a  rotary  motion  by  the  operation  of  the  armature. 

32.    A   diagram   of  the  operating  parts  of  the  relay,   with 
the  coils  de-energized,  is  given  in  Fig.  12. 

It  will  be  noted  that,  with 
the  parts  in  the  position 
shown,  a  path  for  a  circuit 
is  completed  from  binding 
post  1,  through  connecting 
wire  2,  to  a  platinum  con- 
tact 3,  which  passes  through 
the  glass  ring  4,  into  the 
mercury.  From  contact  3,  the 
circuit  is  carried  through  the 
mercury  to  contact  5,  through 
connecting  wire  6,  to  bind- 
ing post  7.  It  will  also  be 
noted  that  as  platinum  con- 
tact 11  is  not  immersed  in 
the  mercury,  the  path  from 
binding  post  8  to  9,  is  in- 
FiK.  12  terrupted. 


33.  Now  when  the  armature  is  attracted  to  the  magnet, 
armature  lever  12,  through  the  medium  of  link  13,  and  crank 
14,  gives  a  rotary  motion  to  shaft  15,  and  consequently  to  the 
mercury  rings.  This  movement  of  the  rings  causes  contact  11, 
to  be  plunged  into  the  mercury,  and  also  causes  contact  5,  to 
be  withdrawTi  from  it.  As  contacts  3  and  16,  are  at  all  times, 
immersed  in  the  mercury,  this  movement  of  the  rings  com- 
pletes a  path  for  a  circuit  through  ring  10,  and  opens  the 
circuit  in  ring  4. 

From  the  foregoing  it  is  apparent  that  the  connections  to 
ring  4,  form  a  back  contact,  and  thase  to  ring  10,  a  front 
contact. 

The  counterweight  17,  is  provided  to  restore  the  mercury 
rings  to  the  position  they  occupy  when  the  relay  is  de-energized. 
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the  arm  Bapporting  the  counterweight  being  bent  so  as  to  make 
the  weight  most  effective  when  the  relay  is  energized. 

34,    In   cases   where  circuits  carrying   considerable   current, 
are  to  be  controlled  through  relay  contacts,  the  type  of  neutral 


relay  illustrated  in  Figs.  13-14  is  employed.*  The  diagram, 
Pig.  14,  shows  the  circuit  arrangement.     The  armature  lever 

1,  which  is  pivoted  at  point  A,  is  counter- 

g  i^n       weighted  so  as  to  raise  the  armature  lever, 
I     I  I  and  thus  open  the  controlled  circuit,  when 

tY  the   relay   is   de-enei^ized.     Heavy   carbon 

I     , contact  blocks  2,  are  fastened  to  the  end 

Fi«,  14  of  the    armature    lever   and   to    the    con- 

tact post  3,  these  being  necessary  on  account  of  possible 
arcing  when  breaking  the  heavy  current  which  is  carried 
through  them.  The  contact  post  3,  consists  of  an  iron  core 
around  which  is  passed  a  few  turns  of  insulated  copper 
wire,   forming  a  path  for  the  controlled  circuit.     This   is  so 

•It  will  be  observed,  by  referring'  to  the  list  ot  symbola  In  DranliiK, 
that  ttie  symbol  for  thla  relay  differs  from  that  used  [o  deslKoate  other 
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arranged  id  order  that  any  arc,  which  may  form  when  the 
contacts   open,  will    be    extinguished   by   the   magnetic   flux.* 
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36.    In  Fig.  15,  is  illustrated  one  type  of  interlockilig  relay. 
This  consists  essentially  of  two  neutral  relays  mounted  on  one 


basf.  each  set  of  coils  being  supplied  with  current  from  a 
separate  source  of  energy.  The  coils  of  this  relay  are  form 
wound. 

36.  To  the  armatures  1  and  2,  are  attached  projecting  arms 
■i  and  4,  upon  the  ends  of  which  are  riveted  lugs  5  and  6, 
carrying  rollers  7  and  8.  The  projecting  arras,  through  the 
medium  of  pawls  9  and  10,  interlock  mechaniadly  with  one 
another,  being  so  arranged  in  order  to  permit  or  prevent  con- 
tact points  11  and  12,  making  electrical  connection  with  back 
contact  posts  13  and  14. 

•See  tiew-oul  coils  IMBK>«tl«ii  bbA  Blrctrlelti-, — ElKlroma^neliim. 
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37.  The  sketches  shown  in  Pig.  16,  illustrate  the  operation 
of  this  relay,  the  numbering  of  the  parts  corresponding  with 
that  given  in  Fig.  15. 

As  ordinarily  arranged,  the  presence  of  a  train  on  a  given 
section  of  track,  controls  the  current  passing  through  the  coils 
of  the  relay.  With  this  in  view  the  sketches  are  arranged  to 
show  the  action  of  the  armatures,  pawls,  etc.,  while  trains  are 
passing  over  the  length  of  track  controlling  the  relay. 

38.  The  circuits  controlling  coils  V  and  W,  are  arranged 
so  that  when  a  train  is  on  any  portion  of  the  track  between 
points  X  and  Y,  coils  V  will  be  de-energized  and  when  on  the 
portion  of  the  track  between  points  Y  and  Z,  coils  W  will  be 
de-energized.  If  a  train  spans  point  Y,  thus  being  on  both 
portions  of  the  track,  both  coils  will  be  de-energized.  This 
condition  is  of  course,  the  same  if  there  are  two  trains,  one 
on  each  portion  of  track. 

39.  When  there  is  no  train  on  the  track  as  shown  in  sketch 
A,  both  sets  of  coils  are  energized  and  consequently  their 
armatures  are  raised  and  back  contacts  11 — 13  and  12 — 14, 
are  open. 

When  a  train  enters  the  portion  of  track  between  points  X 
and  Y,  sketch  B,  the  current  passing  through  coils  V,  is  re- 
duced to  an  amount  that  is  insufficient  to  hold  up  their  arm- 
ture,  which  drops,  completing  a  path  through  contact  11 — 13, 
and  also  by  means  of  roller  7,  moves  pawl  9  into  a  position 
beneath  projecting  arm  4,  as  shown. 

When  the  train  spans  point  Y,  sketch  C,  coils  W  will  be 
de-energized  and  projecting  arm  4,  will  drop  onto  pawl  9,  thus 
preventing  the  closing  of  back  contact  12 — 14.  As  the  train 
passes  off  that  portion  of  the  track  between  points  X  and  Y, 
sketch  D,  the  normal  amount  of  current  again  flows  through 
coils  V,  the  armature  of  which  picks  up  and  breaks  the  con- 
trolled circuit  at  contact  11 — 13.  It  will  be  observed  that 
although  roller  7,  is  raised  off  pawl  9,  the  friction  between 
this  pawl  and  projecting  arm  4,  overcomes  the  force  of  gravity 
which  tends  to  return  it  to  its  normal  position  (sketch  A),  and 
therefore  contact  12 — 14  is  still  held  open. 
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When  the  entire  train  has  passed  point  Z,  the  operating  parts 
of  the  relay  assume  the  position  shown  in  sketch  A. 

40.  Sketch  E  is  given  to  illustrate  the  effect  of  a  train  on 
each  section  of  track,  both  having  entered  from  the  left.  It 
will  be  noted  that  the  position  of  the  relay  is  a  duplication  of 
that  shown  in  sketch  C. 

It  will  be  observed  that  a  train  moving  in  the  opposite 
direction  will  produce  the  reverse  operation,  that  is,  con- 
tact 12 — 14  will  be  closed,  and  contact  11 — 13  held  open 
by  pawl  10. 

41.  To  illustrate  the  use  of  this  type  of  relay,  and  to  identify 
its  symbol,  the  bell  circuit  shown  in  Pig.  17,  is  given.  When 
•  I   I  I   I  there  is  no  train  on  the  track  as  in  sketch 

I V  rS<^w|  ^7   F^S-   16,  the  bell  circuit  is  broken,  but 

''""■'^    >L— i    j^    immediately  a  train  enters  as  in  sketch  B, 

contact  11 — 13  completes  the  circuit  and 
the  bell  rings.  The  bell  continues  to  ring 
until  the  train  has  entirely  passed  point  Y,  as 
in  sketch  D,  at  which  time  the  circuit  is  again 
piK.  17  broken  at  contact  11 — 13. 

42.  A  study  of  Figs.  16  and  17,  will  indicate  that,  irrespective 
of  the  direction  in  which  the  train  is  traveling,  the  bell  circuit 
will  be  completed  only  until  the  train  has  entirely  passed 
point  Y. 

43.  With  these  types  of  relays  the  principal  circuits  are 
controlled  through  the  back  contacts,  although  front  contacts 
are  generally   provided,   being  used   under  special  conditions. 

44.  An  interlocking  relay  in  which  the  armatures  employ 
a  different  method  of  interlocking,  from  that  shown  in  Figs. 
15-16,  is  illustrated  in  Fig.  18.  The  operation  of  the  relay  is 
illustrated  diagrammatically  in  Fig.  19. 

45.  As  indicated  the  armatures  pivot  on  the  inner  side  of 
the  coils.     Tw^o  projecting  arms  1,  carrying  back  contacts  2, 
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extend  obliquely  from  the  anoatures  and,  meeting  in  the  center, 
are  arranged  to  interlock  with  one  another  by  meiuis  of  small 


right    angle    hooks    formed   on    the    end    of    each    projecting 

arm.  -• ■ --  ;■ 

In  view  of  the  de- 
scription given  in  con- 
nection with   Fig.   16, 
the  sketches  shown  in  . 
Fig.    19,    are    self-ex-  ' 
planatorj-. 


46.  The  proper  air- 
gap  between  the  pole 
pieces   and   armatures 

is  maintained  by  the 
back  contacts.  These 
are  adjusted  cither  by 
rnlsing  or  lowering 
the  entire  back  con- 
tact post,  or  by  ad- 
jnsting  either  of  the  contacts  by 
scrt'ws. 


nziz 
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means    of   the    adjusting 
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47.   A  type  of  interlocldng  relay  that  has  been  used  to  a 
considerable  extent  is  shown  in  Fig.  20.     It  is  designed  to  be 


I7| 


operated  when  placed  in  a  vertical  position,  with  the  inter- 
locking arras  upward.  The  relay  is  shown  reversed  in  order 
to  more  clearly  illustrate  its  operating  parts. 

48.  The  base  is  made  of  slate  or  cast  iron,  the  latter  material 
being  more  commonly  used.  When  an  iron  base  is  employed 
the  binding  posts,  etc.,  are  suitably  insulated  from  it. 

49.  The  coils  1,  which  are  core  woimd,  are  held  in  position 
by  magnet  stand  2.  which  is  secured  to  the  back  straps  and 
to  the  base,  and  by  brass  supporting  spectacles  3.  which  are 
firmly  attached  to  the  ba.so.  Adjusting  screws  4.  are  provided 
to  change  the  position  of  the  magnets,  moving  them  toward 
or  away  from  the  ariiiatures  5. 
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60.  Upon  the  aituninum  armature  bars  6,  are  mounted  Ger- 
man silver  contact  springs  7,  and  phosphor  bronze  interlocking 
hooks  8,  the  former  being  riveted  to  the  armature  bars  to  in- 
sure good  electrical  connection,  and  the  latter  being  insulated 
from  them,  by  means  of  thin  sheets  of  mica  9.  Into  the  points 
of  the  back  contact  screws  10,  are  soldered  platinum  wires  to 
insure  good  electrical  contact  with  platiniuu  discs  soldered  onto 
the  contact  springs.  It  will  be  observed  that  stops  are  pro- 
vided on  the  armature  bars  6,  to  limit  their  motion,  and  also 
that  of  the  springs  7. 

51.  "When  either  pair  of  coils  are  de-energized  the  path  for 
the  controlled  circuit  is  as  follows:  From  binding  post  11, 
throi^h  connecting  wire  12,  to  back  contact  screw  10;  thence, 
through  contact  spring  7,  armature  bar  6,  and  connecting  wire 
13,  to  binding  post  14. 

As  the  brass  spectacles  3,  are  not  insulated  from'  the  metal 
base,  and  as  the  armature  bars  are  in  electrical  connection 
with  the  armature  shafts  15,  these  shafts  must  be  insulated 
from  the  spectacles.  This  is  accomplished  by  the  use  of  glass 
jewels  which  are  fitted  into  the  jewel  screws  16,  and  securety' 
held  in  place  by  hard  rubber  caps  17. 

The  operation  of  the  relay  depends  considerably  upon  the 
adjustment   of  the  retractile   springs   18. 

62.  The  interlocking  of  the  armature  bsrs  is  the  same  as 
in  Fig.  19. 

Front  contacts  and  additional  back  contacts  are  sometimes 
provided  with  this  relay. 
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53.  In  Fig.  21  is  shown  a  type  of  interlocldxig  relay,  the 
interlocking  feature  of  which  differs  considerably  from  those  pre- 
^ ^ ^  vionsly  described.  This  is  il- 
lustrated by  Figs.  22  and  23,* 
which  represents  conditions 
similar  to  those  described 
in  connection  with  Fig.  16. 
With  no  train  on  the  track, 
as  shown  by  sketch  A,  back 
contacts  1  and  2,  are  raised 
off  back  contact  post  3.  When 
a  train  enters  as  indicated 
in  sketch  B,  back  contact  1, 
drops  onto  the  back  contact 
post  and  completes  the  bell 
circuit.  When  the  train  takes 
the  position  indicated  in 
sketch  C,  back  contact  2 
drops  on  top  of  back  con- 
tact 1,  so  that  when  the 
train  proceeds  to  the  position 
shown  in  sketch  D,  the  coils 
controlling  the  operation  of 
back  contact  spring  1,  are 
energized  and  consequently 
this  spring  raises  spring  2 
out  of  electrical  contact  with 
the  back  contact  post,  thus 
breaking  the  bell  circuit. 

This  relay  is*  sometimes 
provided  with  additional  con- 
tacts. Also,  in  some  cases, 
a  bone  insulator  is  mounted 
on  the  upper  or  lower  side  of  one  of  the  contact  springs, 
so  that  this  spring  will  be  insulated  from  the  back  contact 
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•Although  In  many  cases,  the  ordinary  symbol  for  interlocking  relays 
is  used  for  this  type  of  relay,  the  symbol  shown  in  Fig.  23,  sketch  A,  is. 
In  some  Instances,  employed.  Sketch  B  shows  the  symbol  employed, 
when  the  relay  is  constructed  with  the  armatures  on  the  outside  instead 
of  the   inside   of   the   magnets,   the   relays   being  normally   de-energized. 
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post   or   from   the   other   contact   spring   id    cortain    positions 
of  the  relay. 


C 


n 


^'f1 


64.  Ad  old  typf  of  interlocking  relay,  sometimes  called  a 
double  circiiii  instrument,  which  is  used  to  HOiiie  extcDt  at  the 
present  time,  is  illustrated  in  Fig.  24. 


The  binding  posts,  etc..  are  suitably  insulated  from  the  base, 
which  is  made  of  cast  iron.  As  separate  circuits  are  controlled 
through  contacts  C — c  and  D — d,  thvy  are  insulated  from  each 
other. 
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55.  The  interlocking  of  the  armature  bars  is  so  arranged 
that  when  magnet  A  attracts  its  armature,  the  notch  in  the 
armature  bar  of  magnet  B,  will  drop  and  engage  with  it  hold- 
ing it  against  the  pole  pieces.  This  movement  of  the  armature 
of  magnet  A,  by  means  of  the  pins  in  the  spring  bar,  re- 
verses springs  C — ^D,  completing  a  path  for  a  circuit  through 
contacts  C^ — c,  and  breaking  a  path  at  contacts  D — d.  When 
magnet  B  is  energized  its  armature  bar  raises  and  unlocks  the 
armature  bar  of  magnet  A,  which  is  drawn  away  from  the 
magnet  by  the  retractile  spring,  thus  again  reversing  the  posi- 
tion of  contact  springs  C— D.  The  center  portion  of  the  spring 
bar  is  made  of  insulating  material  so  that  the  controlled  cir- 
cuits will  be  insulated  from  each  other. 


SLOW  RELEASING  RELAYS 

56.  In  Fig.  25  is  illustrated  a  slow  releasing  relay.  It  de- 
rives its  name  from  the  retarding  effect  produced  upon  the 
releasing  of  the  armature,  by  the  coils. 

Copper  sleeves  or  tubes  are  placed  over  the  iron  cores,  upon 
these  being  wound  the  insulated  copper  wire.  The  retarding 
effect  is  produced  by  a  current  induced  in  the  secondary  (copper 
sleeves),  when  the  current  in  the  prhnary  (windings)  is 
changing.* 

In  some  cases  short-circuited  windings  are  employed  as 
secondaries,   in   place   of  the   copper  sleeves. 

67.  By  employing  the  copper  sleeves  and  a  primary  of  500 
ohms  resistance,  the  armature  will  be  held  to  the  pole  pieces 
from  0.5  to  0.8  sec,  after  the  operating  circuit  is  opened.  The 
use  of  a  secondary  winding  produces  about  the  same  retard- 
ing effect.  When  in  service  this  relay  is  operated  on  10  to 
12  volts. 

58.    This   relay   is   quite   similar   to   that   shown   in   Fig.    1, 


*See  MavnetlMni  an«l  Electricity, — EUctromagnetism . 
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although  as  it  is  required  to  control  only  one  circuit,  one  set 
of  contacts  is  provided. 


FlK.    20 

DIFFERENTIAL   RELAYS 

69.    One  type  of  differential  relay  which  has  been  used  to 
a  considerable  extent  is  illustrated  in  Fig.  26.    It  is  constructed 

lit'  two  sets  (if  coils,  one  set  being  wound  to  a  h'ujher  resistance 
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than'  the  other,  a  combination  frequently  used  being  1  and  22 
ohms.    Each  set  of  coils  has  an  armature,  but  the  two  armatures 


FlK.  M 

are  rigidly  connected  together.  Contacts  are  attached  to  the 
armatures  by  means  of  bone  insulators,  and  contact  springs 
are  provided  as  shown.  When  in  service  the  position  of  the 
relay  is  such,  that  the  armature  will  not  be  biased  by  gravity. 
From  the  foregoing  it  is  apparent  that  a  path  through  the 
contacts  will  he  opened  or  closed,  according  to  the  position  of 
the  armatures,  this  position  being  governed  bj'  whichever  set 
of  coils  exerts  the  greater  attracting  force. 

60.  A  wiring  diagram  for 
this  relay  is  illustrated  in 
Fig.  27,  showing  the  con- 
nections between  the  bind- 
ing posts  and  the  coils  and 
contacts. 

61,  The  application  of  this  relay  and  the  symbol  employed, 
are  shown  in  Fig.  28.     As  indicated,  coils  1  and  22  are  con- 
nected   in    seri,.'s 
with    biiltery    A. 

_  Belay  B,  which  is 

generally   used   in 

connection    with 

this  type  of  relay,   is  connected  in  multiple 

-ijlj — JL 1    with  the  22  ohm  coil.     The  current  flowing 

through   the  low  wound  coil   does   not  cause 
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it  to  exert  sufficient  tawv  to  overcome  that  exerted  by  the 
high  wound  coil,  therefore,  the  armature  assumes  the  position 
shown,  the  bell  circuit  being  broken.  Under  certain  conditions, 
a  very  low  resistance  path  is  formed  across  leads  C  and  D,  as 
shown  by  the  dotted  connection,  thus  shunting  relay  B  and 
the  22  ohm  coil.  Conswiuently,  a  very  small  current  passes 
through  the  high  wound  eoii,  the  force  exerted  by  it  beingf 
overcome  by  that  of  the  low  wound  coil,  causing  the  armature 
to  assume^  the  dotted  position  and  thus  completing  the  bell 
circuit.  The  resistance  for  relay  B  is  usually  not  leas  than 
4  ohms. 

62.    A  differential  relay  in  whieh  two  separate  armatures 
and  three  pairs  of  coils  are  employed,  is  illustrated  in  Fig.  29. 


The   diagram    t)f    connections    and    the    application    of   this 
relay  are  shown   in  Figs.  30  and  31. 
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It  will  be  seen  that  the  1  and  4-ohm  eoils  are  connected  in 
series,  and  that  the  12-ohm  coils  are  controlled  through  a  front 
contact,  operated  by  the  4-ohm  coils.  The  1  and  12-ohm  coib 
are  known  as  the  differential  coils,  and  the  4-ohm,  as  the  neutral 
coUs,  The  armature  of  the  former  is  arranged  to  swing  between 
the  coils,  as  shown  in  Fig.  30,  being  pivoted  at  the  center  and 
having  contacts  mounted  upon  its  ends,  insulated  from  it,  while 
that  of  the  latter*  together  with  its  contacts  are  arranged  to 
operate  as  an  ordinary  neutral  relay. 


63.    The  principle  of  operation  of  this  relay  is  as  follows: 
The  two  i-ohm  coils,  Fig.  30    (which  together  constitute  the 

1-ohm  winding),  are  so 
wound  that  when  a  cur- 
rent is  passed  through 
them,  like  ends  of  their 
cores  will  have  like 
poles,  whereas  the  two 
6-ohm  coils  (which  to- 
gether constitute  the  12- 
ohm  winding)  are  ar- 
ranged to  have  unlike 
poles  at  any  given  time. 
****•  ^  The  direction  of  current 

in  the  6-ohm  coils  remains  constant,  while  that  in  the  ^-ohm  coils 
is  reversed  to  operate  the  differential  armature.  It  wiU  be  seen 
that  the  back  straps,  which  are  separated  slightly  where  they 
cross,  connect  the  ^  and  6-ohm  coils  diagonally,  thus  forming 
two  magnetic  circuits.  From  the  foregoing  it  is  apparent  that 
as  the  armature  is  pivoted  in  the  center,  a  current  through 
the  6-ohm  coils  will  exert  an  equal  force  on  each  end,  tending 
to  balance  it ;  but,  when  a  current  is  flowing  through  the  J-ohm 
coils,  the  magnetic  flux  in  the  core  of  one  of  the  6-ohm  coils 
will  be  increased,  while  that  in  the  core  of  the  other  6-ohm 
coil  will  be  reduced,  the  armature  taking  a  position  in  the 
strongest  magnetic  circuit. 


64.    In  Fig.  31,  current  is  supplied  to  the  1  and  4-ohm  coils 


*The  armature  is  not  Indicated,  the  contacts  only  beingr  shown. 
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by  battery  A,  through  pole  changing  switch  B.  It  is  evident 
that  when  this  switch  is  reversed,  the  direction  of  current  in 

these  coils  will  be  chang-. 
ed,  and  the  differential 
armature  will  therefore 
be  attracted  to  its  op- 
posite position,  thus 
opening  bell  circuit  C. 
In  some  instances  a 
connection,  as  shown 
dotted  at  point  D,  of 
Fi».  31  very    low    resistance, 

practically  shunts  all  of  the  current  out  of  the  1  and  4-ohni 
coils.  This  causes  the  latter  to  open  the  circuit  of  the  12-ohm 
coils  and  of  the  motor. 


66.  When  all  of  the  coils  are  de-energized  as  just  described, 
the  differential  armature  remains  in  the  position  to  which  it 
was  last  attracted,  but,  when  the  circuit  of  the  motor  is  broken, 
circuit  breaker  E,  which  is  operated  by  it,  is  opened,  and  there- 
fore, although  the  contact  on  the  differential  armature  may 
still  remain  in  a  position  to  complete  bell  circuit  C,  this  circuit 
will  be  broken  by  circuit  breaker  E. 

The  three  contacts  on  the  neutral  armature  which  were  not 
required  to  describe  the  operation  of  the  relay,  may  be  employed 
to  control  additional  circuits. 


COMPOUND  WOUND  BELAYS 


66.  The  construction  of  compound  wound  relays  is  very 
similar  to  that  of  the  relay  shown  in  Pigs.  6-8,  with  the  ex- 
ception of  the  coils.  These  have  two  separate  ivindings,  in 
some  cases  one  being  wound  upon  the  other,  that  is,  one  half 
of  each  winding  on  each  core,  and  in  other  cases,  one  entire 
winding  being  placed  on  each  core.  In  the  former  case  the 
windings  are  of  equal  or  unequal  resistance,  such  as  16-16  ohms, 
24-24  ohms,  20-200  ohms  and  100-900  ohms,  these  resistances 
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being  determined  by  the  manner  in  which  the  relay  is  to  be 
employed.  In  the  latter  ease,  the  windings  are  unequal,  gen- 
erally 8-150  ohms  or  12-150  ohms. 

It  is  customary  when  windings  of  unequal  resistance  are 
placed  one  upon  the  other,  to  wind  the  high  over  the  low 
resistance. 


67.    The  wiring  diagram  for  the  16-16  ohm  and  24-24  ohm 
relays,  is  shown  in  Pig.  32.     This  together  with  the  circuits 

shown  in  Fig.  33,  in  which 
a  16-16-ohm  relay  is  shown, 
will  illustrate  how  these  re- 
lays are  employed.  The  con- 
trolling wires  A  to  G,  Fig. 
32,  are  marked  to  correspond 
in  Pig.  33. 


68.  By  tracing  the  con- 
trolling circuit,  it  will  be 
seen  that,  when  the  relay  is 
de-energized,  the  two  16- 
ohm  windings  are  connected 
in  multipley  their  combined 
resistance,  of  course,  being 
8  ohms,  but  as  soon  as  the 
relay  attracts  its  armature, 
one  of  the  windings  is  cut 
out,  by  the  breaking  of  the 
back  contact  through  which 
it  is  controlled.     It  is  ap- 
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parent  that  when  the  armature  is  down  a  greater  number  of 
ampere  turns  are  effective  than  when  it  is  raised,  as  in  the 
former  case  both  windings 

are  in  circuit.     This  is  so  j     -=-  q    0  s^o 

arranged  in  order  that  the 
stronger  current  may  be 
used  to  attract  the  arm- 
ature and  the  weaker  to 
retain  it. 
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68.  Relay  4,  Pig.  33,  which  is  generally  used  with  the  16-16 
ohm  and  24-24  ohm  relays,  is  connected  as  shown,  the  arrange- 
ment being  such,  that  under  certain  conditions,  a  low  resistance 
path,  as  shown  dotted,  shunts  the  current  out  of  both  relays 
causing  them  to  release  their  armatures,  thus  opening  the  bell 
circuit  controDed  by  the  double  wound  relay  and  also,  of 
course,   placing  the   coils  of  this  relay  in  multiple. 

IriB  

70.  The  wiring  diagram 
for  the  20-200  ohm  and  the 
100-900  ohm  relays,  and 
the  circuits  showing  their 
adaptation,  are  illustrated 
in  Figs.  34-35. 

Reference  to  Fig.  35 
will  show  that  with  switch 
X  open  as  indicated,  the 
resistance  of  the  relay  is 
200  ohms,  but  when  this 
switch  is  closed  the  two 
windings  are  connected  in 
multijjle,  thus  reducing  the 
resistance  through  the  re- 
lay to  about  18  ohms.  The 
purpose  of  this  is  as  fol- 
lows: When  current  is 
only  passing  through  the 
*"*«•  ^  200  ohm  \vinding,  although 

it  will  raise  its  armature  and  thus  complete  bell  circuit  Y, 

the    amount   of   current   flowing    will    be    insuflficient   to   ring 

bell  Z,  but  when  switch  X  is 

closed    the    increased    current 

flow,    due    to    the    decreasing 

of  the  resistance  to  about  18 

ohms,  will  also  cause  this  bell 

to  ring. 

71.  In  Fig.  36  is  given  a  wiring  diagram  for  the  8-150  ohm 
and  12-150  ohm  relays.     The  object  of  these  combinations  is 
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described  in  connection  with  Pig.  37,  which  employs  an  8-150 

ohm  relay. 

It  will  be  observed,  in 
sketch  J,  that  when  the  relay 
is  de-energized,  the  150  ohm 
winding  is  shunted  out  of  the 
circuit,  thus  the  resistance  of 
the  path  through  the  relay 
is  8  ohms ;  however,  when  the 
relay  is  energized  as  shown, 
the  two  windings  are  placed 
in  series,  thus  raising  the  re- 
sistance to  158  ohms. 

Another  method  sometimes 
used  for  connecting  up  this 
relay  is  illustrated  in  sketch 
K,  the  wiring,  of  course,  be- 
ing changed  from  that  shown 


in   Pig.  36. 
When    thus 
A^    Ff  arranged  the 

Fi«.  86  two  coils  are 

in  multiple  when  the  relay  is  de-energized,  their 
combined  resistance  being  about  7.59  ohms,  and 
when  energized  the  circuit  through  the  8-ohm 
coil  is  broken,  the  relay  then  having  a  resistance 
of  150  ohms. 
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The  purpose  of  these  combinations  is  to  save  i^ 

energy  while  the  relay  is  closed,  a  smaller  cur-  fi^.  st 

rent  suflScing  to  hold  up  the  armature,  than  is  required  to 
pick  it  up. 

SOLENOID  RELAYS 


72.  In  Pig.  38  is  illustrated  one  type  of  solenoid  relay. 
With  this  device  the  core  is  withdrawn  by  the  retractile  spring, 
when  the  coil  is  de-energized.  With  some  types  the  arrangement 
is  such,  that  the  core  is  withdrawn  by  gravity. 
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78.  The  guide  arm  1,  acta  as  a  support  and  guide  for  the 
core.  The  key  2,  which  is  securely  fastened  to  the  guide  arm, 
travels  in  the  slot  3 
in  the  upper  exten- 
sion of  the  core,  pre- 
venting the  core  and 
consequently  the  con- 
tact bar  4,  from  turn- 
ing and  thus  insuring 
the  proper  alignment 
of  the  carbon  con- 
tact  blocks  5—6. 

74.  The  brass  con- 
tact pieces  7,  and  the 
carbon  contact  blocks 
6.  are  electricfllly  con- 
nected by  means  of 
the  flat  bro7ize  spritigs 

8.  The  contact  pieces 
and  springs  are 
mounted  upon  blocks 

9,  of  insulating  ma- 
terial, thus  being  in- 
sulated from  the  iron 


75.  When  the  coil 
is  energized  and  the 
core  drawn  into  it.  contact  blocks  5,  make  contact  with  blocks 
6,  and  contact  spring  10,  with  contact  pieces  7,  thus  completing 
iwo  parallel  paths  for  the  cfrntroUed  circuit. 


76.  A  high  voltage  circuit  is  generally  broken  through  these 
contacts  and  as  the  resistance  of  the  carbon  contacts  is  usually 
quite  high,  the  additional  path  through  the  contact  spring  is 
provided.  On  account  of  the  high  voltage  controiled,  there 
is  a  tendency  to  ari',  and  it  is  for  this  reason  that  the  carbon 
contacts  are  provided,  these  contacts  making  before  and  break- 
ing after  the  metal  contacts. 
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The  contact  bar  4,  and  contact  spring  10,  arc  of  course, 
insulated  from  the  core,  this  being  accomplished  by  means  of 
a  boshing  and  washers  of  insulating  material. 


POLARIZED  RELAYS 

77.  In  Fig.  39  is  illustrated  a  type  of  polarised  relay,  which 
is  similar  to  the  neutral  relay  shown  in  Fig.  5,  with  the  ex- 
ception of  the  addition  of  the  polarized  feature. 


78.    A  bottom  view  of  the  base  of  this  relay,  with  the  neutral 
armature  and  contaet  fingers  removed,  is  shown  in  Fig.  40.* 


and   polarized   feature   operate  Independt'ntly. 
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This  illustration  shows  the  polarized  portion  of  the  relay,  which 
consists  of  two  permanent  magnets  A  and  B,  securely  fastened 
to  a  brass  bar  C,  which  is  pivoted  centrally  between  the  pole 
pieces  N  and  S.  To  one  end  of  this  brass  bar  is  attached  a 
block  of  insulating  material  to  which  are  secured  contact  fingers 
D — D',  E — E' ;  to  the  other  end  is  attached  a  weight,  to  counter- 
balance the  block  and  fingers,  thus  preventing  the  pivot  from 
binding.  The  magnets,  brass  bar,  etc.,  are  generally  called  the 
polarized  armature.' 

The  contact  fingers  D  and  !>'  ate  electrically  connected  to 
each  other,  as  also  are  the  contact  fingers  E  and  B',  the  con- 
nections F  and  G.  to  the  binding  posts  from  each  set  of  springs, 
being  made  of  flexible  stranded  wire. 

79.  It  is  evident  that,  in  Fig.  40,  with  current  (lowing 
through  the  coils  in  the  direction  to  produce  N  and  S-poles** 

as  indicated  on  the  pole 
pieces,  the  permanent  m^- 
nets  {the  poles  of  which 
are  marked)  will  all  act 
to  cause  the  magnets  to 
revolve  in  the  direction  to 
produce  contact  between 
spring  D  and  contact  post 
H  and  between  spring  E' 
and  contact  post  J.  Now 
if  the  direction  of  cur- 
rent through  the  coils  be 
reversed,  the  pole  piece 
marked  N  will  become  a 
S-pole.  and  that  marked 
S.  n  \-i>ole,  which  con- 
dition vcill  cause  the  pol- 
arized armature  to  reverse  its  position,  thus  making  contact 
between  springs  E  and  D'  and  posts  H  and  J  respectively. 

80.  Two  methods  of  employing  these  contacts  to  control  cir- 
cuits, are  shoicn  in  Pig.  41,  the  reference  letters  corresponding 

•Also  known  as  the  fnlar  armalnrr. 

**See  HaKBFllan  aad  KlrptrirHy,— /T/rr/roMaruniin. 
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with  those  shown  in  Fig.  40.  In  sketch  A,  the  contacts  are 
arranged  to  act  as  a  pole  changer.  For  instance,  with  the  con- 
tacts in  the  position  shown  by  solid  lines,  F  is  the  positive  wire 
and  Qt  the  negative;  but  if  the  current  through  the  coils  is  re- 
versed, thus  reversing  the  contacts  to  their  dotted  position,  P 
will  be  the  negative  wire,  and  G  the  positive.  From  the  fore- 
going it  is  apparent,  that  if  another  polarized  relay  be  con- 
nected to  wires  F  and  G,  the  position  of  its  polarized  armature 
will   be  governed  by  the  position  of  springs   D — D',   E — E'. 

Sketch  B,  Fig.  41,  shows  a  bell  circuit  controlled 

through  one  of  the  contacts  (E').    It  is  evident  that 

the  circuit  will  be  opened  or  closed  according  to 

!e'  ^\  the  position  of  contact  E'. 


81.    The  symbol  used  to  designate  this  type  of 
relay,  is  illustrated  in  Fig.  42,  the  circuits  con- 
trolled corresponding 
with   those  given   in 
Pig.  41. 


82.    In  this  type  of 
relay  the  position  of 
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B 


B 
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the  polarized  contacts  when  the  relay 
is  de-energized  may  be  varied  by  ad-  fik.  42 

justment  to  suit  requirements.  As  ordinarily  adjusted  the 
contacts  remain  in  the  position  to  which  they  were  last  attracted 
making  poor  contact,  but  when  only  one  polarized  contact  is 
employed  it  can  be  adjusted  so  that  it  will  open  when  the 
relay  is  de-energized.  With  the  former  adjustment,  circuits 
controlled  through  the  polarized  contacts,  which  are  required 
to  indicate  when  the  relay  is  de-energized,  must  also  be  broken 
in  series  through  the  neutral  contacts.  This  is  indicated  by 
dotted  lines  in  sketch  B,  Fig.  42,  wire  X  of  course,  being  omitted. 


83.  Another  type  of  polarized  relay,  known  as  a  neutral 
polar  relay,  which  in  general  design,  is  similar  to  that  shown 
in  Pig.  6,  is  illustrated  in  Fig.  43. 

The  polarized  armature  is  supported  in  a  vertical  position 
between  the  coils,  being  pivoted  on  two  trunnions  located  at 
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about  the  center  of  the  armature.     This  armature  is  composed 
of  a  permanent  magnet,  to  the  upper  end  of  which  is  attached 


a  block  of  insulating  material,  to  which  are  secured  two  con- 
tact springs  insulHted  from  each  other.  The  lower  end  of  the 
armature  swings  between  the  pole  pieces  of  the  electromagnet; 
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consequently  upon  the  polarity  of  these  pole  pieces,  depends 
the  position  of  the  polarized  armature. 

Contacts  mounted  upon  blocks  of  insulating  material  are 
fastened  to  the  back  strap  with  screws,  one  contact  being  pro- 
vided for  each  contact  spring. 

84.  In  this  type  of  relay  when  the  electromagnet  is  de- 
energized  the  polarized  contacts  remain  in  the  position  to  which 
they  were  last  attracted,  the  one  which  is  closed  still  making 
good  contact, 

86.    As  only  two  contacts  are  provided,  the  pole  changing 

arrangement  sho>\Ti  in  sketch  A,  Pig.  42,  cannot  be  employed, 

Jl     37         JL   4/-  M  this  relay  being  wired  for 


1 


-r:^      5     t    T  \ — •'*'  1— If —        pole  changing  purposes  as 

T_?"l_Ij*     6  5^      ^6      shown  in  Pig.  44.    It  wiU 

^H"*^      l^^l^  be  observed  that  two  sep- 


TM 


arate  batteries  are  employ- 
ed.    Wire  5*   which  con- 


U 


^        Pi*.  44  g  nects    the    contact    fingers 

together,  is  attached  to  the  binding  posts  above  the  base  when 
the  relay  is  installed. 


86.  In  Pig.  45  is  illustrated  a  polarized  relay  which  is 
developed  from  the  neutral  relay  shown  in  Pig.  1. 

A  section  taken  through  the  center  between  the  two  coils, 
and  an  inverted  view  of  the  base  \^ith  the  neutral  armature 
and  contacts  omitted,  is  illustrated  in  Fig.  46. 

87.  A  permanent  magnet  1,  passes  through  the  base  and  yoke. 
The  polarized  armature  2,  upon  which  the  contact  springs  are 
mounted,  is  pivoted  between  the  supporting  bracket  3,  and  the 
bottom  of  the  permanent  magnet. 

The  magnet  is  usually  arranged  with  the  lower  end  as  the 
S-pole,  a  like  pole  being  induced  in  the  polarized  armature. 
It  is  apparent  that,  as  both  ends  of  the  polarized  armature  are 
S-poles,  the  N  and  S  poles  produced  in  the  pole  pieces  4  and 
5,  when  the  coils  are  energized,  will  attract  one  end  of  the 


•Often  called  ^jumper  wire. 
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armature  and  repel  the  other.  This  causes  it  to  rotatt  in  a 
horizontal  plane  and  consequently  moves  the  contact  springs 
6  and  7  or  8  and  9,  into  electrical  connection  with  their  re- 


spective contact  posts  10,  this  of  course,  being  governed  by 
the  direction  of  rotation  and  therefore  by  the  direction  of  cur- 
rent through  the  coils. 
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It  will  be  observed  that  the  polarized  armature  is  provided 
with  bone  stops  11,  to  prevent  it  from  seating  directly  on  the 
pole  pieces  and  possibly  sticking. 

The  connections  12,  from  the  contact  springs  to  the  binding 
posts  are  made  of  rolled  annealed  copper  strips. 

88.  The  polarized  armature  contacts  when 
wired  for  use  as  a  pole  changer^  are  shown  in 
Pig.  47.  This  wiring  of  course,  corresponds 
with  sketch  A,  Fig.  42. 

The  jumper  \\ires  D  and  E,  are  attached  to 
the  binding  posts  above  the  base,  when  the  relay 
is  being  installed. 

Flff.  47 

89.  When  this  relay  is  de-energized  the  polarized  contacts 
remain  in  the  position  to  which  they  w^ere  last  attracted,  making 
poor  contact. 

90.  It  will  be  observed  that  the  differential  relay  described  in 
Arts.  62-65,  is  of  the  polarized  type. 

91.  A  special  type  of  polarized  relay  is  illustrated  in  Pig. 
48.  The  sketches  8ho\^'n  in  Pig.  49  illustrate  the  operation  of 
this  device.  Sketch  A,  assumes  the  controlling  magnet  1,  to 
be  de-energized  and  consequently  armature  2,  operated  by  this 
magnet,  is  released  as  shown. 

The  magnets  3  are  so  wound  that  when  energized,  their  cores 
have  the  same  polarity  at  the  bottom,  the  connecting  bar  forming 
a  common  pole  for  both.  These  magnets  are  pivoted  at  the  top, 
being  arranged  to  swing  between  the  pole  pieces  of  the  con- 
trolling coils,  their  position  being  governed  by  the  polarity  of 
these  pole  pieces;  for  instance,  if  the  lower  end  of  the  swinging 
magnets  has  a  N-pole  and  the  direction  of  current  in  the  con- 
troUing  magnet  is  such  that  the  left  pole  piece  has  a  N-pole 
and  the  right  a  S-pole,  they  will  of  course,  exert  a  force  causing 
the  swinging  magnets  to  move  to  the  right. 

To  the  upper  end  of  the  swinging  magnets  is  rigidly  attached 
a  phosphor  bronze  contact  spring  4,  upon  which  are  mounted 
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heavy  carbcm  contact  blocka  5 — 6,  lying  directly  under  carbon 
contact  points  7 — 8.  It  will  be  noted  that  this  contact  spring 
is  connected  by  means  of  a  linfa  9,  to  the  free  end  of  armature  2. 


92.    It   is   apparent    that   with    the   controlling   magnet   de- 
enei^zed,  the  circuit  for  the  swinging  magnets  will  be  open, 
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and  these  magnets  will  therefore  assume  a  central  position  as 
shown.  It  should  also  he  noted  that  under  these  conditions 
the  bell  circuit  will  pe  open.  Now  when  current  is  passed  through 
the  controlling  magnet,  their  armature  is  raised  and  through 
the  medium  of  the  connecting  link,  the  contact  spring  is  also 
raised  and  .e<mnection  is  made  between  contact  points  5  and 
7,  thus  completing  the  circuit  of  the  swinging  magnets.  If  the 
current  through  the  controlling  magnet  is  in  the  proper  direction^ 
the  swinging  magnets  will  be  attracted  to  the  position  shown 
in  sketch^,  thus  bending  the  contact  spring,  so  that  contact 
points  6  9ii|^  8  make  contact  and  complete  the  bell  circuit.  If^ 
however,  the  current  passes  in  the  wrong  direction  through  the 
controlling  magnet,  the^swinging  magnets  take  the  position  shown 
in  sketch  C,  thus  bending  the  springs  downward,  and  prevent- 
ing the  bell  circuit  from  closing. 

When  armature  2  is  first  raised,  with  magnets  3  de-energized, 
there  is  a  tendency  to  move  these  magnets  to  the  left,  that  is, 
toward  the  position  of  safety,  as  shown  in  sketch  C. 

93.  The  swinging  coil,  in  the  position  shown  in  sketch  B,  has 
a  tendency  to  bend  the  left  end  of  the  spring  downward,  and 
consequently  tends  to  push  the  armature  away  from  the  coils. 
This  assists  in  releasing  the  armature  when  the  controUing  mag- 
net is  de-energized. 


CONSTRUCTION  OF  MAGNETS 

94.  The  conditions  under  which  relays  are  used,  subject  them, 
more  or  less,  to  lightning  discharges.  To  minimize  the  effect 
of  these  discharges,  much  better  insulation  resistance  is  pro- 
vided, than  in  the  ordinary  types  of  electromagnets. 

96.  As  before  noted  some  of  the  relays  have  core  wound  coilSy 
while  others  are  provided  with  form  wound  coils. 

Copper  wire,  cotton,  silk  or  enamel  covered,  is  employed 
for  these  coils. 
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A  sectional  view  of  part  of  a  core  wound  coil,  is  illustrated 
in  Pig.  50.  To  prevent  the  winding  from  readily  becoming 
grounded  on  the  core,  three  layers  of 
Empire  paper*  A,  are  wound  tightly 
around  the  core,  after  which  cord  is 
wound  around  the  core  at  each  end  of 
the  insulating  paper,  as  at  point  B,  in 
order  to  fill  up  any  small  space  between 
the  insulating  paper  and  the  magnet 
heads.  Melted  rosin  is  poured  on  the 
cord  to  increase  its  resistance  and  pre- 
vent moisture  from  attacking  it.  fik.  so 


96.  In  some  cases,  when  constructing  form  wound  coils, 
after  each  layer  of  the  winding  is  completed,  it  is  coated  with 
shellac  before  the  next  layer  is  wound  upon  it.  When  the 
entire  winding  is  complete,  the  form  upon  which  it  is  wound, 
is  removed,  and  the  winding  wrapped  with  linen  tape.  This 
tape  is  arranged  so  that  it  is  lialf  lapped  on  the  outside,  which 
causes  a  two-third  lap  on  the  inside;  thus,  there  are  two  thick- 
nesses of  tape  on  the  outside  and  three  on  the  inside.  After 
the  taping  is  completed  the  coils  are  generally  impregnated 
with  an  insulating  compound. 

97.  The  method  of  connecting  relay  coils,  is  diagrammatically 
illustrated  in  Fig.  51.     If  a  lightning  discharge  flows  through 

either  of  the  controlling  wnres  X 
or  Y,  to  the  coils,  it  would  pass 
directly  to  the  inner  winding  and 
then  flow  away  from  the  cores,  as 
indicated  by  the  arrows.  This  is 
FiK.  w  considered  more  effective  in  prevent- 

ing a  breakdown  of  the  core  insulation,  than  when  the  con- 
trolling wires  are  connected  to  the  outer  windings,  thus  causing 
discharge  to  flow  towards  the  cores. 

98.  Before  winding  the  coils,  it  is  the  common  practice, 
especially  where  very  fine  or  very  heav>'  magnet  wire  is  used. 


*See  Mavnetlnm  and  Electricity, — EUctromfgnetiitn. 
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to  solder  a  short  length  of  stranded  wire  to  the  solid  wire, 
this  being  used  for  connecting  to  the  binding  post,  as  the 
solid  wire  is  liable  to  be  broken  when  so  employed.  The  stranded 
wire  is  of  sufficient  length  to  permit  two  or  three  turns  to  be 
taken  around  the  core,  thus  providing  support  for  the  joint,  and 
of  sufficient  cross-sectional  area  to  withstand  mechanical  strain. 

99.  The  wires  from  the  coils  are  generally  attached  directly 
to  the  binding  posts,  although  in  some  cases  they  are  soldered  to 
lugs,  which  are  suitable  for  making  the  connection  to  the  posts. 

,100.  The  exposed  portions  of  the  magnet  cores,  pole  pieces, 
back-straps,  etc.,  of  the  various  types  of  relays  are  generally 
protected  from  rusting  by  gaL^  '•'^ing,  or  by  an  application 
of  paint,  aluminum  bronze,  etc.      ^^' 


ADJUSTING  AND  TESTING 

101.  Adjusting:  The  operating  parts  of  relays  are  so  ad- 
justed that  their  armatures  will  be  attracted,  that  is,  picked 
up,  when  the  current  through  their  coils  is  increased  to  a  given 
point.  This  is  known  as  the  pick-up  point  of  the  relay.  "When 
the  current  is  reduced  to  a  given  point  the  armature  is  re- 
leased, that  is,  it  drops  away  from  the  magnet.  This  is  kno\^Ti 
as  the  drop-away  point  of  the  relay.  ''• 

As  the  resistance  of  an  ordinary  relay  is  a  fixed  value,  a  given 
current  through  the  coils  requires  a  given  voltage  at  their 
terminals,  therefore  it  is  apparent  that  the  pick-up  and  drop- 
away  points  of  a  relay  may  be  expressed  in  either  amperes  or 
volts.  It  is  also  apparent  that  these  points,  if  desired,  may  be 
expressed  in  watts. 

As  the  current  through  the  coils  varies  in  direct  proportion 
to  the  voltage,  it  is  evident  that  wnth  a  given  increase  or  de- 
crease in  the  voltage,  and  consequently  in  the  current,  the 
wattage,  which  is  the  product  of  these  two  values,  will  vary 
according  to  the  square  of  the  variation  in  voltage  or  current. 

Referring  to  Fig.  2,  it  is  evident  that  if  the  back  contact 
posts  are  lowered,  thus  increasing  the  air-gap  between  the 
armature  and  pole  faces,  the  pick-up  point  will  be  raised;  and 


ADJUSTING  AND  TESTING  49 

inversely,  if  the  back  contact  posts  are  raised,  thus  decreasing 
the  air-gap,  the  pick-up  point  will  h^  lowered,  Farthermore 
if  the  length  of  that  portion  of  the  armature  stops  which 
extends  from  the  pole  pieces,  is  changed,  the  air-gap,  when 
the  armature  is  picked  up,  will  be  correspondingly  changed;* 
therefore,  if  this  air-gap  is  decreased  the  drop-away  point  will 
be  lowered;  and  inversely,  if  increased,  the  drop-away  point 
will  be  raised. 

102.  In  connection  with  the  drop-away  point  it  is  evident 
that  when  a  relay  is  energized  the  contact  fingers  are  placed 
under  tension,  which  assists  the  armature  in  dropping.  In  some 
cases  the  drop-away  poin^^^:^  adjusted  by  increasing  or  de- 
creasing the  tension  of  tl'ode  fingers. 

When  two  or  more  cjntact  fingers  are  attached  to  an  armature, 
they  should  be  so  adjusted  that  all  of  the  points  will  make  con- 
tact at  the  same  time. 

103.  In  some  types  of  relays  other  methods  are  sometimes 
employed  to  regulate  the  pick-up  and  drop-away  points.  For 
instance,  with  the  relay  illustrated  in  Fig.  6,  the  tension  of  the 
retractile  spring  may  be  adjusted  to  alter  these  points. 

104.  From  the  foregoing  it  is  apparent  that  if  the  armature 
binds  ''here  it  is  pivoted,  thus  preventing  it  from  moving 
freely,  the  pick-up  and  drop-away  points  will  be  altered,  and 
in  some  cases  may  prevent  the  armature  from  operating,  which 
might  produce  a  dangerous  condition. 

It  is  not  advisable  to  use  oil  on  the  armature  pivots  as  it 
collects  dust  and  is  also  likely  to  gum,  thus  interfering  with  the 
operation  of  the  armature.  Therefore  it  is  desirable  to  have 
sufficient  end-play  in  the  bearings  so  that  the  armature  will 
at  all  times  move  freely  without  lubrication  of  any  kind. 

106.  Two  of  the  curves  shown  in  Fig.  52,  indicate  the  pick-up** 
and  drop-away  current  for  relays  wound  to  diflferent  resistances 
(1  to  16  ohms). 


•The  alr-grap  which  is  about  yj^y  in.,  may  be  tested  by  a  thickness  gauge 
(a  thin  piece  of  sheet  metal  of  a  known  thickness,  a  piece  of  brass 
^^jf  in.  thick  frequently  being  used). 

*  *  Minimum  operating  current. 
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The  curve  marked  normal  operating  current  indicates  the 
value  of  tfae  current  required  to  insure  the  proper  operation 
of  the  relay..  Thia  value  ia  increased  from  2  to  25  per  cent 
when  relays  are  placed  in  service,  to  insure  a  satisfactory  operat- 
ing current  under  conditions  which  reduce  the  current  flowing 
through  the  relay,  auch  as  leakage,  or  increased  resistance  in 
the  circuit. 

The  curve  marked  initial  charge  indicates  the  value  of  the 
current  which  should  be  passed  through  the  relay  when  test- 
ing for  its  drop-away  point,  as  this  point  varies  with  the  degree 
of  magnetization  of  the  cores.  Although  a  relay  when  in  service, 
is  subjected  to  higher  currents  than  the  values  given  for  the 
initial  charge,  nevertheless  these  values  are  considered  great 
enough,   as  the  drop-away  point  vol.ts 

ia  not  materially  affected  when  a 
higher  current  is  passed  through 
the  coils. 

The  voltage  curves  are  self- 
explanatory. 

106.  The  curves  shown  ia  Fig. 
53,  are  plotted  for  relays  vary- 
ing from  100  to  1,000  ohms  re- 


The  values  Indicated  by  these 
curves,  also  those  indicated  by  the 
curves  shown  in  Fig.  52,  vary 
slightly  for  relays  of  different 
manufacture,  and  this  in  some 
instances  may  require  consider- 
ation when  testing  for  the  pick- 
up and  drop-away  points. 

107.  The  pick-up  and  drop- 
away  points  of  the  compound 
wound  relays  are  as  follows :  The 
16 — 16  ohm  relay  picks  up  at  45  pi«.  bs 

mil-amps,  and  releases  at  25  mil-amps. ;  the  24 — 24  ohm  relay 
picks  up  at  40  mil-amps,  and  releases  at  22  mil-amps. ;  the  12 — 
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150  and  the  8 — 150  both  pick  up  at  about  67  mil-amps,  and 
release  at  about  8  mil-amps. 

108.  The  pick-up  and  releasing  points  of  differential  relays 
are  not  fixed  as  the  movement  of  their  armature  is  dependent 
upon  the  ratio  which  the  current  in  one  coil  bears  to  that  in 
the  other. 


109.  TestlBff:  In  Fig.  54,  is  illustrated  an  adjustable  re- 
sistance coil,  which  nuay  be  employed  in  testing  relays  for 
their  pick-up  and 
drop-away  points. 

It  is  composed 
of  a  brass  tube  1 
(about  1}  in.  diam.  fi*.  54 

by  15  in.  long),  upon  which  one  layer  of  ^  in.  asbestos  board 
is  wrapped,  upon  this  being  wound  No.  29  B.  &  S.  G.  insulated 
german  silver  wire.*  Two  coats  of  shellac  are  then  applied  to 
the  wire  and  allowed  to  dry  thoroughly,  after  which  the  outer 
surface  of  the  wire  is  exposed  by  removing  the  insulation  with 
a  piece  of  emery  cloth.  A  r^^  in.  square  brass  rod  2,  is  sup- 
ported by  the  binding  posts  3  and  4,  from  which  it  is  insulated. 
These  posts  which  act  as  terminals  for  the  coil,  are  attached  to 
the  tube  but  insulated  from  it.  A  contacting  slide  5,  which  is 
mounted  upon  the  brass  rod  and  arranged  so  that  it  can  be 
moved  along  it,  makes  contact  with  the  rod  and  the  coil.  A 
binding  screw  6  is  attached  to  the  rod  as  shown. 

The  wires  of  the  circuit  in  which  it  is  desired  to  have  a  vari- 
able resistance  are  connected  to  binding  posts  3  and  6  or  4 
and  6,**  and  the  value  of  the  resistance  altered  by  moving 
contacting  slide  5  to  various  positions  on  the  rod.t 
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110.  An  arrangement  which  may 
be  employed  when  testing  for  the 
pick-up  and  drop-away  points  of  re- 
lays,  is  shown  in  Pig.   55. 


•other  high  resistance  wire  may  be  used. 
*^A]1  three  posts  may  be  used  as  shown  in  Tig.  55. 

+Thls  is  a  very  useful  instrument  when  conducting:  tests,  as  the  re- 
sistance of  a  circuit  can  be  varied  by  a  fraction  of  an  ohm. 
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Assuming  that  a  4-ohm  neutral  relay  is  to  be  tested  we  find 
from  the  curve  in  Fig.  52,  that  it  should  pick-up  when  62  rail- 
amperes  are  passing  through  the  coils,  and  drop-away  when 
the  current  is  reduced  to  29  mil-amperes.  We  also  note  that 
the  initial  charge  is  112  mil-amperes. 

111.  With  the  adjustable  resistance  connected  as  shown  in 
Pig.  55,  it  is  apparent  that  on  account  of  the  high  resistance  in 
series  with  the  relay  only  a  small  current  passes  through  it. 
The  sliding  contact  is  therefore  gradually  moved  across  the 
resistance,  reducing  its  value  and  increasing  the  current  flow- 
ing through  the  relay.  When  the  relay  attracts  its  armature 
the  mil-ammeter  should  give  a  reading  of  about  62  mil-amperes. 
The  current  through  the  relay  should  now  be  increased  to  112 
mil-amperes  (initial  charge)  and  then  reduced  to  29  mil- amperes 
(drop-away  point)  at  which  value  the  armature  should  be 
released. 

112.  If  the  relay  does  not  pick-up  and  drop-away  with  the 
proper  amount  of  current  passing  through  the  coils,  it  should 
be  adjusted  as  described  in  Arts.  101-103. 

Relays  should  always  be  tested  after  repairing  any  of  the 
parts  which  may  affect  the  adjustment. 

113.  When  testing  a  polarized  relay  for  the  pick-up  and 
drop-away  points  of  the  neutral  armature  and  the  reversing 
point  of  the  polarized  armature,  the  connections  should  be  ar- 
ranged as  shown  in  Fig.  56.  The 
neutral  armature  should  be  tested  .XT" 
with  the  pole-changing  switch  first  nr 
in  one  position  and  then  in  the 
other.  »•««•  »•        J- 

After  this  test  is  completed  the  current  through  the  relay 
should  be  reduced  to  about  50  per  cent,  of  that  required  to 
attract  the  neutral  armature,  at  which  value  the  polarized 
armature  should  reverse  upon  the  reversal  of  the  pole-changing 
switch. 

The  polarized  armature  in  some  types  of  relays  will  reverse 
on  less  than  50  per  cent,  of  the  pick-up  current. 
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If  the  polarized  armature  requires  more  than  50  per  cent,  of 
the  pick-up  current  to  cause  it  to  reverse,  the  trouble  may  be 
traced  to  the  binding  of  the  movable  parts,  or  to  a  weak  per- 
manent magnet. 

114.  Before  being  shipped  from  the  factory  relays  are  sub- 
jected to  insulation  break-down  and  residual  magnetism  tests. 
The  former  test  is  considered  necessary  on  account  of  lightning 
discharges  which  are  liable  to  interfere  with  these  instruments, 
and  the  latter  test,  to  avoid  trouble  from  residual  magnetism 
after  the  relays  are  installed. 

116.  The  insulation  break-down  test  usually  consists  of  sub- 
jecting the  insulation  to  a  potential  of  from  3,000  to  5,000 
volts,  A.  C.  This  test  is  made  between  the  binding  posts,  and 
the  base  (when  the  latter  is  made  of  conducting  material),  and 
between  the  core  and  the  first  layer  of  the  windings. 

116.  The  test  for  residual  magnetism  consists  of  subjecting 
the  coils  to  a  voltage  considerably  higher  than  they  receive  when 
in  service.  For  instance,  relays  wound  to  a  resistance  of  less 
than  100  ohms  are  tested  with  a  pressure  of  from  25  to  40  volts, 
D.  C,  and  those  wound  to  resistances  varying  from  100  to 
1,000  ohms,  to  a  pressure  of  from  100  to  150  volts. 

If  under  this  test  the  armature  does  not  release  within  5 
sec.  after  the  testing  circuit  is  opened,  it  is  usually  an  indication 
of  the  presence  of  residual  magnetism.  The  cores  of  relays 
subject  to  this  trouble  should  be  replaced,  as  the  armature 
remaining  picked-up  when  it  should  be  released,  is  likely  to 
cause   dangerous  conditions. 

When  slow  releasing  relays  are  subjected  to  these  tests  the 
armature  should  generally  release  in  from  6  to  8  sec.,  but  in 
some  instances,  will  run  as  high  as  15  sec. 

117.  The  resistance  between  the  contact  points  of  a  relay 
varies  considerably,  usually  increasing  from  about  .03  ohm, 
when  the  relay  is  installed,  to  about  .12  ohm  after  it  has  been 
in  service  for  some  time. 
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If  it  appears  that  trouble  is  being  experienced  from  this 
source,  the  resistance  between  the  contact  points  may  be  tested 
by  the  use  of  a  Wheatstone  bridge  or  if  such  an  instrument 
is  not  available,  by  the  use  of  a  low  reading  voltmeter  and 

^a  mil-ammeter  arranged  as  shown  in  Pig.  57,*  the 
L  |i      resistance  being  calculated  by  Ohm's  law.** 

If  it  is  found  that  considerable  resistance  has 
developed  between  the  contact  points,  they  may  be 
Fis.  «r  cleaned  by  passing  a  piece  of  fine  emery  cloth  or 
sand  paper  between  them.  In  some  instances  fine  filest  (Swiss 
cut)  are  sometimes  employed  for  this  purpose.  Considerable 
care  must  be  exercised,  to  avoid  grooving  or  sloping  tiie*  contact 
surfaces,  or  removing  more  material  than  necessary. 


INSTALLATION  AND  KAINTENANOE 

118.  Installation:  Belays  should  not  be  placed  too  close 
to  steam  pipes,  or  beneath  water  pipes  as  water  is  liable  to 
drop  from  them,  nor  at  points  where  they  would  be  subjected 
to  storage  battery  gases,  or  where  they  would  be  influenced 
by  external  magnetic  forces,  such  as  in  the  vicinity  of  electrical 
machinery. 

119.  Where  relays  are  so  located  that  they  are  subjected  to 
considerable  vibration,  as  for  instance  on  some  elevated  rail- 
road structures,  it  is  advisable  to  set  them  upon  felt  about 
1  in.  thick.  In  some  cases  where  this  precaution  has  not  been 
taken,  the  vibration  caused  arcing  between  the  contact  points 
resulting  in  damaging  these  points  by  burning  and  in  some  eases 
opening  the  controlled  circuits  momentarily. 

120.  Jumper  wirest  employed  to  connect  two  or  more  binding 
posts  together,  are  usually  made  of  No.  14  rubber-covered  or 
weather-proof  solid  copper  wire.  Office  wire,  lamp  cord,  and 
rubber-covered  flexible  wire  are  also  used  for  this  purpose. 


*The  1-ohm  resistance  is  desirable  to  prevent  possible  injury  to  the 
mil -ammeter. 

•*See  lIavB«tism  and  RleetrfeltT. 
f Known  as  jewelers'  flies. 
iSee  Art.  88. 
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12L.  As  in  some  cases,  the  resistanee  which  frequently  de- 
velops between  contact  points,  interferes^  with  the  proper  ox>er- 
ation  of  the  controlled  circuit,  it  is  often  carried  through  two 
or  more  sets  of  contacts  oonnected  in  multiple.  This  is  also 
so  arranged  in  order  to  insure  the  proper  operation  of  the  con- 
trolled circuit  in  case  one  of  the  contacts  fails. 

In  some  types  of  polarized  relays,  on  account  of  the  pressure 
exerted  by  the  polarized  armature  on  its  contacts  being  weaker 
than  that  exerted  upon  the  neutral  contacts,  the  resistance 
between  the  polarized  contact  points  generally  increases  more 
r^idly  than  between  the  neutral  contact  points. 

122.  MnintflnaiMlfl  *  As  the  function  of  relays  is  generally 
very  important  and  as  they  are  delicate  instruments,  they  must 
be  inspected  frequently.  The  condition  of  the  contacts  and 
insulating  bushings,  etc.,  should  be  noted  and  the  binding  posts 
should  not  be  allowed  to  become  loose.  When  inspecting,  care 
should  be  exercised  to  avoid  bending  the  wires  leading  to  the 
coils,  as  they  are  liable  to  break  if  handled  carelessly. 

An  instrument  brush*  is  a  convenient  tool  for  cleaning  or 
dusting  relays. 

Salts  due  to  corrosion  (Art.  17)  should  not  be  allowed  to 
collect  as  they  insert  resistance  into  the  circuit,  and  in  rare 
cases,  where  the  salt  creeps  onto  the  contacting  surfaces,  may 
cause  the  armature  to  remain  up  when  the  relay  is  de-energized. 

123.  If  water  collects  upon  the  operating  parts  of  a  relay, 
it  should  be  cleaned  immediately  or  if  possible  removed  from 
service,  especially  if  subjected  to  cold  weather  as  the  contact 
points  are  liable  to  freeze  together,  and  thus  may  produce  a 
dangerous  condition.  The  manner  in  which  the  water  collected 
should  be  ascertained  and  if  possible  the  trouble  remedied. 

124.  The  operation  of  a  relay  which  is  in  service,  may  be 
tested  by  placing  a  jumper  across  the  binding  posts  leading  to 
the  coils.**     This  method  cannot  be  employed  in  all  instances. 


*See  Tool*. 

** Before  making  this  test,  Its  efTect  upon  the  apparatus  controlled  by 
the  relay  or  upon  any  instrument  connected  in  multiple  with  it,  should 
he  considered. 
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as  for  example  where  the  relay  is  supplied  with  current  from 
a  storage  battery,  in  which  case  the  shunting  of  the  relay  would 
probably  cause  an  excessive  flow  of  current.  This  will  indicate 
whether  the  relay  will  release  under  such  conditions,  and  also, 
when  the  shunt  is  removed,  whether  it  will  pick-up. 

126.  It  is  the  general  practice  to  inspect  relays  after  thunder 
storms,  with  a  view  to  insuring  that  the  contact  points  have 
not  been  damaged,  possibly  being  fused  together,  by  lightning 
discharges.  Such  discharges  are  also  apt  to  break  down  in- 
sulation, especially  between  adjacent  windings,  thus  reducing 
the  resistance  of  the  coil,  or  between  the  windings  and  the  cores, 
this  being  caused  by  the  carbonizing  of  the  insulation  or  the 
flowing  of  metal  as  the  result  of  an  arc.  In  some  cases  lightning 
will  entirely  destroy  a  relay. 

If  it  is  thought  that  there  is  defective  insulation,  it  may  be 
tested  with  a  magneto,  or  other  suitable  instruments. 
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126.  Type:  All  relays  must  be  of  the  enclosed  type  with  all 
working  parts  enclosed  in  a  transparent  case. 

All  relays  shall  be  sufficiently  water-tight  to  stand  a  water  im- 
mersion test  of  at  least  ten   (10)   minutes. 

Material  and  Workmanship:  Magnet  cores  and  armatures  shall 
be  made  of  the  best  quality  of  soft  annealed  iron,  and  all  other 
materials  used  in  the  construction  of  relays  shall  be  of  good  quality, 
free  from  defects;  workmanship  and  finish  shall  be  satisfactory 
to  purchaser. 

Ami»tiire  Supports:  Armature  supports  must  be  securely  mount- 
ed on  the  magnet  cores,  or  the  armature  supports  and  cores  may 
be  mounted  on  the  same  piece  of  metal,  In  such  manner  that  the 
same  relative  position  of  armature  and  core  faces  will  always  be 
maintained. 

Trunnions  of  armature  bearings  shall  be  hard  drawn  german 
silver,  shall  be  cylindrical  and  at  least  one-sixteenth  (1-16'') 
inch  in  diameter. 

Trunnion  screws  must  fit  tightly  in  their  supports  and  be  pro- 
vided with  Jamb  nuts  or  other  suitable  fastenings. 
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Armature:  Springs,  adjustable  stops  or  other  means  of  adjust- 
ing armatures  vertically  will  not  be  permitted. 

A  minimum  air  gap  of  one-sixty-fourth  (1-64")  Inch  between 
armature  and  magnet  cores  shall  be  insured  by  bone  or  brass 
pins  driven  In  end  of  cores  or  In  armature. 

Stop  pins  must  be  driven  firmly  to  the  bottom  of  the  holes 
drilled  for  their  reception  and  secured  by  cupping. 

Contact  Springs:  Contact  springs  or  fingers  shall  be  mounted 
rigidly  on  the  armature  not  less  than  three-eights  (§")  Inch  from 
nearest  face  of  same  and  shall  be  sufficiently  heavy  to  retain  any 
adjustment  they  are  given. 

Contact  Points:    All  contact  points  shall   make  sliding  contact. 

Stationary  front  contact  points  of  track  relays  shall  be  of  non- 
fusible   materials   and   back   contact   points   shall   be   of  platinum. 

A   closed  contact  shall   not  have  more   than   0.13   ohm   resistance. 

All  contacts  shall  have  a  minimum  opening  of  one-sixteenth 
(1-16")    inch. 

Magnet  Coils:  All  magnet  colls  must  be  convenient  of  appli- 
cation to  core;  all  insulation  shall  be  applied  before  colls  are 
assembled  on  cores  and  when  assembled  they  must  be  securely 
held  to  prevent  vibration. 

The  wire  for  magnet  colls  shall  be  soft  drawn  copper  covered 
with  a  good  quality  of  silk  or  cotton  braid  or  equally  good  in- 
sulation and  of  proper  size  to  give  resistance  specified. 

The  ends  of  connecting  magnets  shall  be  soldered,  non-corrosive 
flux  being  used,  or  may  be  Joined  with  substantial  accurate  bind- 
ing posts  provided  with  lock  nut. 

Terminal  wires  of  magnet  coils  shall  not  be  less  than  number 
twenty   (20)   B.  &  S.  gauge. 

Magnet  coils  shall  be  encased  to  prevent  mechanical  Injury 
to  wire. 

Binding  Posts:  Binding  posts  shall  be  of  brass  of  such  con- 
struction that  they  will  not  turn  in  the  base  or  frame  on  which 
they  are  carried.  The  stud  carrying  thumb  screws  for  fastening 
wires  shall  not  be  smaller  than  10-32. 

Insulation:  An  air  gap  of  not  less  than  three-eighths  (!)  of 
an  inch,  or  approved  insulation  equivalent  thereto  shall  be  pro- 
vided between  any  part  of  the  relay  carrying  current  and  any  other 
part  thereof.  Parts  so  Insulated  Shall  withstand  a  test  with  an 
alternating  current  of  three  thousand  (3,000)  volts  for  one  minute. 
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Resistance:  All  track  relays  shall  be  of  four  (4)  ohms  re- 
sistance,  unless  otherwise   specified. 

Adjustment  of  Relays.  Track  4  ohm:  Four  (4)  ohm  track 
relays  shall  be  adjusted  to  release  at  not  less  than  thirty  (30) 
mil-amperes  after  an  initial  charge  of  one  hundred  and  ten  (110) 
mil-amperes  has  been  given  for  one  minute. 

After  relay  has  been  adjusted  to  release  as  specified,  the  current 
through  coils  shall  be  reversed  when  armature  shall  pick  up  at  not 
more  than   sixty-five    (65)    mil-amperes. 

16  ohm:  Sixteen  (16)  ohm  track  relays  shall  be  adjusted  to 
release  at  not  less  than  fourteen  (14)  mil-amperes  after  an  initial 
charge  of  fifty-five  (55)  mil-amperes  has  been  given  for  one  minute. 

After  relay  has  been  adjusted  to  release  as  specified,  the  cur- 
rent through  coils  shall  be  reversed,  when  armature  shall  pick 
up  at  not  more  than  thirty-six    (36)   mil-amperes. 

AU  Track  Relays:  If  after  a  relay  has  been  adjusted  as  specified, 
the  front  contact  points  are  adjusted  so  they  do  not  make  contact 
when  relay  is  energized,  the  initial  charge  is  applied  and  gradually 
reduced  to  forty  (40)  per  cent,  of  normal  release  current,  the  arm- 
ature shall  release. 

Adjustment  of  Relays-Iiine  Relays:  Relays  shall  be  adjusted 
so  armatures  will  pick  up  and  give  good  sliding  contact  as  follows: 

One  hundred   (100)  ohms  at  not  more  than  1.7  volts. 

Two  hundred  and  fifty  (250)  ohms  at  not  more  than  2.6  volts. 

Five  hundred  (500)  ohms  at  not  more  than  3.6  volts. 

Seven  hundred  and  fifty  (750)  ohms  at  not  more  than  4.4  volts. 

One  thousand  (1,000)  ohms  at  not  more  than  5.0  volts. 

After  being  adjusted  as  specified  the  voltage  required  to^  pick 
up  the  armature  shall  be  increased  one  hundred  (100)  per  cent, 
and  then  gradually  decreased  by  means  of  variable  resistance, 
and  armature  shall  release  when  voltage  is  reduced  to  forty  (40) 
per  cent,  of  the  voltage  required  to  pick  up  same. 

All  Une  Relays:  If  after  relay  has  been  adjusted  as  specified 
the  front  contact  points  are  adjusted  so  they  do  not  make  contact 
when  relay  is  energized,  and  the  voltage  required  to  pick  up  arm- 
ature increased  one  hundred  (100)  per  cent  is  applied  and  gradually 
reduced,  relay  shall  release  at  not  less  than  sixteen  (16)  per  cent, 
of  the  pick-up  voltage. 
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Residual  Magnetism:  Before  adjusting,  all  relays  of  less  than 
one  hundred  (100)  ohms  resistance  must  he  subjected  to  a  momentary 
e.  m.  f.  of  not  less  than  forty  (40)  volts,  and  all  relays  of  more 
than  one  hundred  (100)  ohms  resistance  must  be  subjected  to  a 
momentary  e.  m.  f .  of  not  less  than  one  hundred  (100)  volts  nor 
over  five  hundred    (500)   volts. 

Sealing  and  Marking:  All  relays  must  be  sealed  with  the  man- 
ufacturer's seal,  and  all  adjustments  marked  plainly  in  the  sealed 
portion  of  the  relay. 

Test  after  Assembling:  All  tests  are  to  be  repeated  after  relay 
has  been  assembled  and  sealed. 
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EXAMIMATIOH  QUESTIONS 


(1)  (a)    What  is  a  neutral  relay?    (ft)    What  is  a  polarized 
relay  ? 

(2)  Why  is  it  necessary,  with  the  relay  shown  in  Pig.  1,  to 
insulate  the  binding  posts  from  the  base? 

(3)  How  could  you  raise  the  pick-up  point  of  the  relay 
illustrated  in  Fig.  It 

(4)  (a)    When  is  a  relay  said  to  be  closed?    (6)    When  is 
it  said  to  be  open? 

(5)  Would  a  4-ohm  neutral  relay,  which  is  properly  ad- 
justed, pick-up  with  50  mil-amperes  flowing  through  its  coils? 

(6)  Explain  the  purpose  of  hooks  8,  in  Fig.  20. 

(7)  What  causes  the  polarized  armature  of  a  polarized  relay, 
to  reverse? 

(8)  Why  do  the  polarized  contacts,  of  the  relay  illiistrated 
in  Fig.  43,  still  make  good  contact  when  the  relay  is  de-energized  ? 

(9)  Why  is  it  desirable  to  provide  better  insulation  in  relay 
magnets  than  in  the  ordinary  types  of  electromagnets? 

(10)  What  do  you  understand  the  terms  ** pick-up  point'* 
and  *' drop-away  point*'  to  mean? 

(11)  Explain  how  you  would  test  a  9-ohm  relay  for  its  pick- 
up and  drop-away  points? 

(12)  Why  are  circuits  controlled  by  relays,  sometimes  carried 
through  two  contacts  in  multiple? 
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(13)  Oive  a  reason  why  it  is  inadvisable,  in  some  cases,  to 
test  a  relay  by  shunting  it  with  a  jumper. 

(14)  Why  should  relays  be  inspected  after  thunder  storms? 

(15)  From  the  curves  shown  in  Fig.  52,  find  the  pick-up 
points  in  amperes  and  volts  for  a  5-ohm  relay. 

(16)  From  the  curves  shown  in  Fig.  53,  ascertain  the  pick- 
up point  in  amperes  and  volts  for  a  500-ohm  relay. 

(17)  If,  when  making  the  test  shown  in  Fig.  57,  the  ammeter 
gives  a  reading  of  0.8  amp.  and  the  voltmeter  a  reading  of  0.2 
volt,  what  would  be  the  resistnce  of  the  contact? 

(18)  When  testing  a  12-ohm  relay  in  the  manner  shown  in 
Fig.  55,  what  reading  should  the  meter  give  when  the  armature 
drops  away,  assuming  that  the  relay  is  properly  adjusted? 

(19)  Why  is  it  undesirable  to  locate  relays  where  they  would 
1)(*  subjected  to  considerable  vibration? 

(20)  Why  is  the  insulation  of  relays  given  a  break-down  test? 
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1.  Definition:  As  used  in  railway  si^aling.  the  term  track 
circuit  signifies  an  electric  circuit,  in  which  the  running  rails 
of  a  track  are  used  as  conductors ;  the  arrangement  being  such 
that  the  presence  of  the  wheels  of  a  ear  or  train  on  the  con- 
ducting rails  is  indicated  by  their  effect  upon  the  flow  of  current 
and  consequently  upon  an  instrument,  usually  a  relay,  which 
forms  a  part  of  the  circuit. 

A  track  circuit  arrangement  commonly  used  is  shown  in 
Fig.  1.    Insulating  devices  1  known  as  insulated  rail  joirits  are 
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placed  in  the  running  rails  2  where  the  circuit  is  to  end.  When 
there  is  no  train  on  the  conducting  rails  2  the  relay  4  is  energized 
by  current  from  the  battery  3,  but  if  the  track  is  occupied  by 
wheels  5,  as  show^n  by  dotted  lines,  the  greater  part  of  the  current 
passes  through  them,  and  is  therefore  shunted  out  of  the  relay, 
the  armature  of  which  assumes  the  dotted  position,  thus  break- 
ing the  circuit  6,  which  controls  signal  apparatus. 
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RAIL  BONDS 

2.  As  the  running  rails  of  the  track  are  used  for  conductors 
it  is  necessary  to  have  the  rail-lengths,  between  the  insulated 
joints,  electrically  connected  to  form  a  continuous  conductor. 
Although  the  ordinary'  splice-bars  used  in  joining  rails  are 
made  of  conducting  materials,  it  has  been  found  that  they  can- 
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not  be  depended  upon  to  carry  the  current  satisfactorily.  This 
is  due,  first  to  the  fact  that  the  bolts  often  become  somewhat 
loosened  and  do  not  hold  the  bars  tightly  against  the  rails,  and 
second  to  the  rust  which  collects  on  the  bars  and  rails  thus 
preventing  good  electrical  contact.  It  is  therefore  necessary 
to  provide  means  to  insure  good  electrical  conductivity  at  the 
rail  joints.  To  secure  this,  w^ire  conductors  known  as  rail 
bonds*  are  employed. 

3.  Types  of  Bail  Bonds:  The  types  commonly  used  for 
signal  purposes  are  made  of  the  following  sizes  and  kinds 
of  wires: 

No.  8,  B.  W.  G.,  galvanized  iron. 

No.  9,  B.  W.  G.,  galvanized  iron. 

No.  6,  B.  &  S.  G.,  soft-drawn  copper. 

No.  6,  B.  &  S.  G.,  copper  clad  steel. 

These  wires  are  large  enough  to  fulfil  the  mechanical  re- 
quirements and  to  conduct  the  required  amount  of  current. 

4.  Iron  Bond  Wire:  Iron  bond  wire  should  be  of  the  quality 
known  as  Ex.  B.  B.**  It  should  be  pliahle,  tcnncimis,  and  ivdl 
galvanized.  Pliability  is  necessary  in  order  that  the  wire  may 
be  bent  into  the  desired  shape  when  being  applied  to  the  joint. 
Tenacity  is  necessary  so  that  the  bond  will  not  break  when  bent 
or  twisted  by  careless  trackmen  and  others  working  about  the 
rails.  Galvanizing  is  necessary  to  prevent  oxidization,  which 
would  quickly  consume  the  wire. 

5.  Copper  Bond  Wire:  A  good  quality  of  soft  drawn  copper 
wire  fulfils  the  requirements  for  pliability  and  tenacity.  It 
is  desirable  in  some  cases,  to  have  the  wire  tinned,  as  this 
will  tend  to  protect  it  from  chemical  action. 

6.  Copper  Clad  Steel  Bond  Wire:  The  grade  known  as 
''!MD",  annealed,  is  ordinarily  used  for  bonding.  In  some 
cases  a  coating  of  tin  is  desirable  to  protect  it  from  chemical 
action,  as  in  the  case  of  copper  bonds. 

♦Also   called    bonds^  track  ivires. 
•♦See   Wires  and  Cablem. 
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7.  Iron  and  copper  bond-wires  are  supplied  in  lengths  to 
correspond  with  the  style  of  joint  at  which  they  are  to  be  used, 
or  the  wire  may  be  procured  in  coils  and  cut  to  any  desired 
length.  The  former  is  considered  the  better  practice  for  reg- 
ular work,  because  the  wires,  being  straight,  and  of  uniform 
length  generally  produce  a  better  appearance.  They  are  also 
installed  more  economically.  When  bonding  frogs  and  switches, 
it  is  convenient  to  be  able  to  cut  the  wire  into  various 
lengths  as  circumstances  require.  Therefore  a  supply  of 
both  should  be  available. 


Flff.  2 


8.  Connection  of  Bond  Wire  to  the  Bail :  There 
arc  two  general  methods  of  attaching  bond  wires 
to  the  rails.    First,  by  means  of  plugs,*  and  second, 

by    means    of    channel    pins    or 
bonding    tubes. 

A  full  size  view  of  a  bond  wire 
plug  is  shown  in  Fig.  2.  This 
should  be  made  of  a  good  quality 
of  annealed  rivet  iron.  The  bond 
wire  1  is  soldered  to  the  plug  2  as 
shown  in   Fig.   3,   and  the  entire 
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joint  and  plug  tinned.     This  is  generally  -done  at  the  factory 

where  conditions  are  such,  that  it  can  be  handled  eeonomically. 

The  bond  \\ire  plug  is 


V////////^W7y 


ZJ 


Figr.  4 


being  superseded  by  the 
channel  pin  and  bonding 
tube. 

Full  size  views   of  two 

ordinary  types  of  channel 

pins,  are  shown  in  Fig.  4. 

These  are  made  from  iron  or  mild  steel  and  are  either  copper 

plated  or  tinned. 

A  bonding  tube  is  illus- 
trated in  Fig.  5.  It  is  made 
of  the  same  kind  of  mate- 
rial and  finished  the  same 
as  the  channel  pin. 


FiK.  n 


*Al230  called  rivets. 
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9.    The  relation  of  the  bond  wire  1,  to  the  rail  joint  is  showTi 
in  Fig.  6.     These  wires  usually  vary  in  length  from  40  in.  to 
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60  in.,  the  size  being  governed  by  the  length  of  the  splice  plates. 
This  figure  also  shows  the  application  of  the  bond  wire  plug  2, 
and  channel  pin  or  bonding  tube  3. 

10.  On  railroads  where  the  traflBc  is  propelled  by  electricity 
and  the  track  is  also  used  as  a  return  path  for  the  propulsion 
current  larger  types  of  rail  bonds,  than  those  described,  are 
necessary. 

11.  When  bonding  at  frogs,  switches  and  derails  it  is  fre- 
quently necessaiy  to  fasten  the  bond  wires  to  the  ties  to  keep 
them  in  place.  Galvanized  iron  staples  2  in.  long  are  used  for 
this  purpose. 

INSULATED   RAIL  JOINTS 


12.  In  connection  \Aath  track  circuits  it  is  necessarv  to 
electrically  separate  the  ends  of  two  adjacent  rails.  This  is 
accomplished  by  the  insulated  rail  joint  which  is  applied  in 
place  of  the  regular  splice  bars. 
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13.  The  simplest  type  of  insulated  rail  joint  now  in  use  is 
shown  in  Pig.  7.  Prom  its  construction  it  derives  the  name 
of  splice-woods. 


A  piece  of  vulcanized  fiber 
1,  abont  I  in.  thick,  known 
as  an  end  post,  is  placed  be- 
tween the  ends  of  tlie  rnils, 
to  prcv<'nt  elretrieal  contact  between  thein.     Ilard  ivuod  blocks 
2  and  3  known.  rLnpectively,  as  inside  and  outside  woodn,  take 
the  place  of  the  ordinarj-  iron  or  steel  splice  bars,  white  oak, 
hickory  and  yellow  pine,  sometimes  coated  with  oil,  or  asphultum 
paint,  being  used  for  this  purpose..   These  blocks  arc  strength- 
ened by  reinforcing  bars  5,  and  arc  held  in  position  by  bolts 
and  lock  washers  4.     There  is  no  metallic  connection  between 
the  two  rail  lengths  as  the  fiber  and  wood  are  insulators,  con- 
sequently current  is  prevented  from  passing  through  the  joint. 
The  splice-woods  are  not  as  rigid  as  the  iron  or  steel  bara 
which  are  used  in  the  construction  of  other  types  of  insulated 
joints. 

The  tendency  of  the  wood  to  shrink  and  swell  is  liable  to 
loosen  the  bolts  which  thus  require  considerable  attention., 

14.  Another  type  of  insulated  rail  joint  is  shown  in  Pig.  8. 
AI)ont  i  in.  is  planed  from  the  top  and  bottom  of  the  splice 
bars  1  and  the  space 

thus   provided  is  oc-  f     ^^^^^^^^ 

G\\Y>wAhy  fiber  plates*  Ig    0  OMOH 

2,     placed     between  Is^^^^^^^^ 

the    bars    and    rail,  ^^-si— — "^ 

Fiber     bushings"     3  kib.  s 

are  placed  around  the  bolts  4  in  the  rail,  the  holes  being  reamed 
to  contain  them.     In  this  manner  the  bars  and  bolts  are  kept 

•Also  ca.\\eA  fibtr aiglts  and  filHT shiils. 
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from  toucbing  the  rail.    The  fiber  end  post  is  used  io  the  same 
manner  as  with  the  "splice-woods". 


^ 


16.    A  type  of  insulated  rail  joint  somewhat  similar  to  that 

shown  in  Fig.  8  is  illustrated  in  Fig.  9.    The  bolts  6  are  allowed 

to  (^ome  into  contact  with  the  rail 

but   are   insulated   from   the  splice 

bars  1  by  bushings  3  and  ivaskers  4. 

Thi"  fiber  plates  2  are  similar  to  those 

shown  in  Fig.  8.     The  holes  in  the 

bill's  an'  made  large  enough  to  ao- 

*"'■■  •  coiiinKHlatc   the   bushings,    and    the 

fiber  washers  are  protccti'd  b\'  irini  irashers  5  placed  undfr  the 

bolthcnds  and  nuts  as  shown. 


16.    A  modified  form  of  the  "spliee-woods"  is  shown  in  Pig, 
10.     This  joint  in  known  jis  the  Weber  insulated  rai!  joint  and 


is  constructed  as  follows:  The  metal 
slim  aiuili"  1  is  a  rolled  steel  plate 
which  supports  the  rail  ends  from 
iinderni'iith  and  reinforces  the  out- 
side u-iioil  filler  4.  The  fiber  shoe 
atifflt"  2  insulates  the  rail  from 
and  is  held  in  phtcc  by  the  bolts  10  which 
■ertical  portion  of  the  fiber.  The 
iiiforciiiy  barl  5  is  a  piece  of  rolh'd  steel  which  reinforees  the 
hixidi  wood  filler  '.i.  The  bolts  ar<>  iiisniated  from  the  metal 
shoi'  angle  and  from  the  reiufdrciiig  liar  by  fiber  leashrrs  S  and 
bushiuffsi  7,  prote(;tcd  by  an  irou  ivaslu  r  i)  as  in  Fig.  9.  The 
fiber  (ltd  post  6  is  the  same  a.s  shown  in  Pig.  7,  two  ordinarily 


the  metal  shoe  angle 

pass  tiirtiiigli  hoh's  in  t)ic 
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being  usod  in  each  joint.  Tho  wood  fillers  3  and  4,  shown  in 
Fig.  30,  are  interchangeable  but  in  some  eases,  the  outside  filler 
4  is  constructed  aa  shown  by  the  dotted  line  and  when  so  con- 
structed they  are  not  interchangeable. 

Aa  may  readily  be  seen  the  additional  stiffness  of  this  joint 
is  derived  from  the  supjwrt  given  to  the  rail  and  wood  fillers 
by  the  metal  ahoo  angle  and  eontinuoiis  reinforcing  bar. 

17.  The  Atlas  insulated  rail  joint  shon-n  in  Pig.  11  is  a 
modification  of  the  joint  shown  in  Fig.  8.     The  splice  bars  are 


I'Xtctided  and  tiinird  under  the  rail,  two  additional  bolts  being 

used  !is  shown.     The  hoitiim  fiber  plate  insulates  this  part  of 

the  joint  from  the  under  side  of  the  rail,  a  row  of  holes  along 

the  cenliT  of  this  plate  providing  drainage  and  ventilation.    The 

fiber  bushings  in  the  rail  are  protected  by  .ih  d  (n-nilps.    Vertical 

and  diagonal  ril)s  are 

ea.st    on    the    out-side 

of    the     splice    bars 

and    horizontal     and 

diagonal  ribs  on   the 

inside. 

18.    The  Keystone 
insulated  rail  joint  ia 

illustrated  in  Pig,  12. 
The  mi'lal  fillrrs.  A. 
which  arc  a  featun' 
of  this  joint,  provide 
an  increased  area  of 
fiber  to  withstand  the 
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shock  from  wheels  passing  over  the  joint.     These  fillers  and 

the  angle  bars,  B,  are  of  rolled  steel. 

As  this  joint  does  not  extend 
below  the  base  of  the  rail,  no 
dapping'  or  lowering  of  the  tics 
is  necessary.  This  feature  is  ad- 
vantageous on  unballasted  bridges 
and  structures. 

19.  The  Hock  insulated  rail 
joint  is  shown  in  Pig.  13.  The 
distinctive  feature  of  this  joint  is 
the  (iKjrfVinri/  rail,  which  bridges 
the  gap  Ix'twceTi  the  two  service 
rails  and  carries  the  wheel  treads 
^.,^_  ,3  over  the  rail  ends. 

20.    The  Wrher  iiisuhited  rail  joint  adapted  to  use  with  guard 
rails,  is  illustrati'd  in  Kig.  1-1.    The  Keystone  similarly  arranged 


is  shown  in  Fig.  15.  It  will  be  noted  that  the  filler  A  is  shown 
as  metal  although  wood  fillers  are  sometimes  used.  Metal  fillers 
which  are  of  ca.st  iron  or  cast  steel,  are  made  in  two  parts  to 
prevent  current  from  passing  through  the  joint. 


Fig. 


21. 

trates  tlie  adaptntion 
of  the  Wchtr  for 
use  with  froifs  hav- 
ing ^uard  and  ti'eail 
rails. 
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22.  It  should  be  understood  that  insulated  rail  joints  of  the 
types  illustrated  cannot  be  considered  perfect  insulation.  How- 
ever, the  voltage  used  for  track  circuits  being  low,  (between 
1  and  10  volts)  sufficient  insulation  resistance  is  secured  to  pre- 
vent the  leakage  of  enough  current  to  affect  the  operation  of  the 
instruments  forming  part  of  the  track  circuit  or  to  affect  ad- 
joining track  circuits. 


SWITCH    AND    PIPE    LINE    INSULATION 

23.  In  the  operation  of  a  track  circuit  it  is  necessary,  except 
as  explained  hereafter,  that  there  be  no  electrical  connection 
from  one  running  rail  to  .the  other.  This  would  occur  if  a 
switch  were  located  within  the  limits  of  a  track  circuit,  unless 
some  arrangement  is  made  to  prevent  it.     This  is  illustrated 


by  the  switch  layout  shown  in  Fig.  17  which  indicates,  by 
the  arrows,  several  possible  paths  through  the  slide  plates  1, 
switch  rods  2  and  cross  rail,  for  the  current  to  pass  from  rail 
A  to  rail  B.  Some  means  must  therefore  be  provided  to  interrupt 
these  paths. 

24.    One  method  of  accomplishing  this  is  shown  in  Fig.  18. 
An   insulated   rail   joint   1,    is   placed   in   the   cross   rail    and 
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insiiluted  switch  rods  2,  are  used,  therefore  the  curreat  can- 
not pass  from  rail  A  to  rail  B. 

26.    Switch  Bod  Insulation:    Switch  rods  may  be  insulated 

in   a   number  of   ways.      It   may   be   done   where   the   rod    is 

attached  to  the  switch  lugs   as 

shown   in   Fig.   19.   by   the   tise 

of  a  fiber  bushing  1  and  fiber 
uashers  2.  This  insulating  is 
arranged  at  une  end  only,  of 
the  switch  rod. 

The  switch  rod  must  not  be  al- 
lowed to  touch  the  stoiik  rail,  and 
'■■*«■  "•  to  avoid  this  cithL-r  the  switch 

rod  is  offsi't  as  showu  at  A,  or  a  switch  lug  with  more  drop 
is  twd.  As  this  aiTaugcmcut  jicrmits  the  switch  poiuts  to 
risi',  some  engineers  consider  it  undesirable  on  account  of 
possible  interfercuee  witli  snow  plows. 

If  the  bushing  becomes  softened  the  switch  point  may  not 
pi"operly  close  up  against  the  stm-k  rail. 

Tliis  lui'thod,  altliouffh  easily  applied  and  permissable  when 
otlK'r  means  are  not  available,  is  not  considered  ver>'  good 
practice. 

26.  The  type  of  switch  rod  insulation  shown  in  Fig.  20  has 
given  satisfactory   results.     The  switch  rod  1   is  in  two  parts 


being  separated  about  one-half  inch.  These  are  held  finnly 
together  by  iron  or  steel  si>tkc  iilalis'  2  secun-d  with  bolts  3, 
the  joint  being  so  insulated  with  fihir  plates  4  and  bushings 
5  that  current  cannot  pass  from  one  part  of  the  switch  rod  to 
the  other.  The  nuts  are  locked  by  lock  washers,  cotters  or 
other    devices. 


MATERIALS  OF  CONSTRUCTION  11 

27.  Occasionally  trouble  has  been  experienced  with  the 
switch  rod  insulatioD  shown  in  Fig.  20  on  account  of  a  con- 
ductor, such  as  a  spike,  nail  or  a  piece  of  wire,  getting  into 
the  space  between  the  two  parts  of  the  switch  rod,  thus  making 
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an  electrical  connection  between  them.  In  order  to  overcome 
this  fiber  is  placed  as  shown  in  Pig.  21. 

It  is  common  practice  to  use  either  four  or  six  bolt  splice 
plate  joints. 

A  point  to  be  considered  in  regard  to  the  insulated  switch 
rods  shown  in  Figs,  20-21,  is  the  length  of  the  bushings. 
Defective  insulation  has  occasionally  resulted  from  a  conductor, 
such  as  chips  of  steel  made  when  drilling  the  rod,  bridging 
the  end  of  the  bushings  as  at  point  A.  Fig.  20.  This  is 
remedied  by  extending  the  bushings  as  shown  in  Fig.  21. 

28.  A  modification  of  the  switch  rod  insulation  shown  in 
Fig.  21   is  illustrated  in  Fig.  22.    "The  feature  of  this  type  is 


'  LJ     LJ        LJ     LJ  ' 

the  u.se  of  twu  fiber  plates  instead  of  four.     This  is  a  good 
arrangement  for  the  spHec  plate  joint. 

29.    Another  form  of  switch   rod  insulation   shown   in   Fig. 
23,    is    known    as    the    lap    joint.      Somcfiines    more    than    two 
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bolts  are   used.     Au   alternative   arrangement   of  bolt   insula- 
tion is  indicated  by  sfetion  A. 


CIJ 
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30.  In  Figs.  24-25  are  illustrated  two  methods  of  insulating 
switch  rods, 
knoiMi  as  butt 
joini;i.  The  for- 
mer is  tiianu- 
factiired  ready 
(or  welding  in- 
to tlie  siritch 
rod  (vliieh  is 
shown  by  dot- 
tcdliiies.  In  the 
lattertheinicr- 
mediaie  block 
viK.  34  A  is  made  of 

I'Hst   steel.     The   fiber   under   the  bolt  heads   is   proteeted   by 
wrought  iron  plates  separated  at  the  eeuter  of  the  joint. 


©      <^\\©    _© 
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31.    In   many   cases   it   is   necessary   to   interrupt    a    path, 
through  the  throw  rod  1,  Fig.  26,  by  which  current  might  flow 


Fiar.  26 

between  the  rails  and  the  operating  connections.  A  method 
of  accomplishing  this  is  shown  in  Fig.  25.  A  lug  B  is  cast 
on  one  side  of  the  intermediate  block  A,  to  which  is  attached 
the  throw  rod.  As  this  block  is  insulated  from  both  parts  of 
the  switch  rod  2,  current  cannot  pass  between  the  rails  and 
the  throw  rod. 


32.  Another  method  of  accomplishing  this  is  to  insert  an 
insulated  joint  in  the  throw  rod.  The  types  showTi  in  Figs. 
20-24  are  available  for  this  purpose, 

33.  In  some  cases  it  is  necessary  to  insulate  the  throw 
rod   from    one    rail    only.      In    Fig.    27    a    lap   joint   is    used 


secTiON  K-K 

Flff.  27 

which  insulates  the  throw  rod  from  rail  B,  Fig.  26,  but  not 
from   rail  A. 
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34.   Insulated  Front  and  Lock  Bods:    When  switches   are 
interlocked    it    is    customary'    to    apply    connections    to     the 


rr^ 
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switch,   known  as  front  and  lock  rod^.     As  the  fro7it  rod   1, 
Fig.  28,  is  connected  to  the  switch  points  in  a  manner  similar 

to  the  switch  rods. 
2.  it  has  to  be  insul- 
ated. An  insulated 
front  rod  is  shown  in 
FIB.  20  Fig.  29. 

An  insulated  front  rod  for  use  with  a  single  point  derail  is 
shown  in  Fig.  30. 
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35.    As  lock  rods,  an  illustration  of  which  in  shown  in  Fig. 
;il,  are  attached  by  means  of  jaw  B,  to  lug  A  on  front  rods. 


^O.il^ 


rn   m  m.  jh-  m — en, 


'~m~tinxf  UJ  LLj  ui' 


\, 


II 


Flff.   31 

Figs.  28-30,  it  is  frequently  necessary  to  insulate  the  lock 
rods  as  shown,  to  prevent  the  How  of  current  between  the  rails 
and  operating  connections,  with  which  blade  C  comes  into  contact. 

36.  Wedge  Blocks:  RefcTenee  to  Fig.  17  will  show  that 
the  contact  between  the  switch  point  3  and  the  slide  plates  1 
forms  a  part  of  all  paths  by  which  the  current  can  pass  from 
rail  A  to  rail  B.     If  the  switch  point  is  insulated  from  these 
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plates  all  the  paths  will  be  interrupted  and  electrical  connec- 
tion between  the  rails  broken.    This  insulation  may  be  provided 


in  the  form  of  an  air  gap,  the  switch  point  being  raised 
from  the  slide  plates  by  one  or  more  iredge  blocks  2  as  shown 
in  Fig.  ;i2. 

Various  designs  of  these  blocks  are  illustrated  in  Fig.  3:!. 

When  the  switch  is  in  the  reversed  position  to  that  sho«Ti 
in  Fig.  32,  the  switch  point  3  moves  down  the  incline  of  the 
w€(}ge  2  into  contact  with  the  slide  plate  1,  thus  coriiplcting 
a  possible  path  between  the  rails.  In  all  eases  where  wedge 
blocks  arc  used  it  is  desirable  to  have  the  mils  thus  electrically 
connected  when  the  swit^-h  is  reversed  and  therefore  this  feature 
does  not  interfere  with  the  proper  operation  of  the  track 
circuit.  When  it  is  dosin'd  to  have  the  rails  elivtrically  sep- 
arated in  both  positions  of  the  switch,  wedge  blocks  cannot  be 
used  to  advantage. 

It   should   be   noted   that    with    the    wedge    blo<'ks    used   as 
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shown  in  Fig.  32,  the  insulating  of  the  switch  rods  and  cross 
rail  indicated  in  Fig.  18,  is  avoided. 

37.  As  the  switch  rods  must 
not  be  allowed  to  touch  the  stock 
rail  on  the  side  where  the  wedges 
are  placed,  it  is  usually  necessary 
to  offset  them  as  shown. 

As  in  its  normal  position  the 
switch  point  is  raised  above  the 
level  of  the  stock  rail,  the  possi- 
bility of  interference  with  snow 
plows  is  sometimes  considered  an 
objection. 

Although  the  wedge  block  is 
quickly  and  easily  applied  and 
convenient  under  some  circum- 
stances, its  use  must  be  consid- 
ered as  permissible  rather  than 
recommended  practice,  as  it  re- 
(juires  considerable  attention  to 
keep  it  in  order. 

Fig.  33 

38.    Tie  Plate  Insulation:     At  interlocked  switches  where 
tie  plates  usually  extend  from  rail  to  rail,  as  shown  in  Fig. 


o    o 

>      I 


o    o 

Flff.  84 

34,  it  is  necessary^  when  installipg  track  circuits,  to  insulate 
them  as  indicated  to  prevent  current  passing  from  one  rail 
to  the  other. 

This  may  be  done  by  cutting  the  tie  plates,  at  the 
center  and  securing  the  ends  with  lag  screws,  as  indicated 
in  Fig.  35. 
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39.  In  Pigs.  36-37  are  illustrated  insulated  lup  joints  in 
tie  plates.  The  former  must  be  assembled  in  place  whereas 
the  latter  can  be  assembled  complete  before  being  installed. 


SECTION  l-l 

Flff.  35  Flar.  86 

40.    Another  type  know  as  the  butt  joint  and  shown  in  Fig. 
*^8  may  be  assembled,  either  in  place  or  before  installing. 


SECTION   l-l  SECTION  M 

Flar.  37  Flip.  38 

41.  Pipe  Line  Insulation:  At  mt'chanical  interlocking 
plants  where  the  switches,  etc.,  are  connected  to  the  levers  of 
the  interlocking  machine  by  pipe  linos,  it  is  frequently  neces- 
s'dry,  on  account  of  the  pipe  being  connected  to  apparatus  in 

COT 


tH CT 

FtflT.  30 


5=^ 


contact  with  the  rail,  to  insulate  the  pipe  and  thus  prevent 
current  from  flowing  between  the  pipe  line  and  the  rails.  This 
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is  accomplished  by  the  use  of  pipe  line  insolatiOD,  types  of 
which  are  sliown  in  Figs.  39-41.    As  will  be  observed  the  joints 

CO        i-g — ^-1 C3D 

Fl*.  40 

shown  in  Firs.  30-40  are  an  adaptation  of  the  tj'pes  used   in 
switch  rod  insulation  any  of  which  may  be  employed. 

42.     In    the    joint 

illustratPd  in  Fig.  41, 

the  insulating  mater- 

inl     is    mica,    heavy 

she  I     mica    being 

Fi«.  41  plnced    between    the 

parts  under  strain  and  the  remaining  spaces  being  filled  with 

molded  mica  which  seals  the  joint  and  protects  the  sheet  mica 

from  moisture. 

43.    Wire  Line  Insulation:     Where   mechanically  operated 
signals  are  connected  to  the  levers  by  wire,  it  is  occasionally 


FIB.  « 

nci-cssary,  when  the  wire  is  attached  to  apparatus  connected 
with  the  rails,  to  iu.sulate  the  wire  connections  from  the  rails. 
In  Fig.  42  is  illustrated  one  method  used  in  such  eaaes. 

TRACK  BATTERIES 

44.  The  source  of  encrgj-  for  D.  C.  track  circuit*  is  usually 
<me  or  more  cells  of  battery,  either  primary  or  storage,  although 
current  from  a  dynamo  is  used  in  some  instances  for  this 
pnnxwc. 
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PRIMARY   BATTERIES 

46.  Primary  batteries  are  the  most  common  source  of  energy- 
used  on  track  circuits.  Any  type  of  closed  circuit  cells  may 
ordinarily  be  used  with  good  results,  and  to  a  limited  extent, 

open  circuit  cells  are  available  for  this  class  of  work. 

« 

46.  Closed  circuit  Batteries:  Among  the  types  of  closed 
circuit  batteries,  the  ^avity  cell*  has  been  generally  adopted 
for  the  following  reasons.  Its  freedom  from  polarization 
renders  the  full  capacity  of  the  cell  available  at  all  times, 
and  its  high  internal  resistance,  limits  the  flow  of  current, 
thus  preventing  it  from  exhausting  rapidly,  when  short-cir- 
cuited** ;  in  other  words,  it  withstands  continuous  current 
output  without  becoming  quickly   exhausted. 

47.  The  construction  of  the  cell  is  simple  and  easily  under- 
stood. It  is  readily  set  up,  cared  for  and  renewed;  it  is 
easily  inspected  and  its  condition  may  be  quickly  determined 
from  its  appearance.  It  is  comparatively  free  from  corrosive 
fimies  and  gases,  which  permits  its  use  without  any  special 
precautions  against  the  corroding  of  wires,  iron  shelters,  etc. 

48.  This  type  of  battery  requires  considerable  attention 
which  necessitates  frequent  disconnecting  and  connecting  at 
the  terminals  and  handling  of  the  jars.  This  manipulation 
of  the  wires  often  causes  them  to  break,  sometimes  inside  the 
rubber  covering  where  it  is  not  at  onee  discovered.  In  hand- 
ling, a  jar  may  be  cracked  and  pass  unnoticed  until,  after 
having  been  placed  in  service  again,  it  causes  a  failure  of  the 
battery,  several  hours  later,  owing  to  the  solution  having  leaked 
out  of  the  cell.  On  this  account,  some  engineers  favor  the 
use  of  earthenware  or  porcelain  jars  which  are  not  as  liable 
to  crack  as  glass.  Gravity  battery  also  requires  careful  pro- 
tection from  low  temperatures. 


•6"  X  8". 

••In  the  most  common  form  of  track  circuit,  the  battery  Is  practicaUy 
short-circuited  when  a  train  is  upon  the  conducting  rails. 
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49.  Other  types  of  closed  (*ireiiit  batteries  have  been  used 
to  some  extent.  In  some  eases,  on  account  of  their  low  inter- 
nal resistance,  it  is  desirable  to  insert  additional  resistance 
in  series  with  them  in  order  to  limit  the  flow  of  current  when 
the  track  is  occupied  by  a  train. 

50.  Open  circuit  Batteries:  These  batteries  arc  used 
with  ciTtain  arrangements  of  track  circuits.  Various  types 
are  available  for  this  purpose.  Among  them  may  be  men- 
tioned the  several  types  of  salammoniac  cells*,  and  also  dry 
cells,  the  latter  being  especially  adaptable  on  account  of  their 
general  convenience  in  handling  and  because  they  require  less 
protection  from  cold  than  many  other  batteries,  although 
salammoniac  cells  are  not  much  inferior  to  them  in  this 
respect. 

51.  It  should  be  understood,  that  the  use  of  open  circuit 
batteries  on  track  circuits  is  limited,  compared  with  that  of 
closed  circuit  batteries. 

STORAGE    BATTERIES 

52.  When  circumstances  permit  their  use,  storage  batteries 
provide  a  very  satisfactory  source  of  current  for  D.  C.  track 
circuits.  As  their  internal  resistance  is  very  low,  it  is  nee- 
essarv  to  connect  resistance  in  series  with  thtMii,  as  an  excessive 

« 

flow  of  current  would  result  in  serious  injur>'  to  the  batter}'. 
They  withstand  low  teiiii)eratures  without  special  protection. 

Fuses  are  sometimes  used  in  connection  with  storage  bat- 
teries to  protect  them,  in  case  of  a  short  circuit. 

53.  Resistances:  In  Fiers.  48r44  are  shown  types  of 
adjustable  resistanees  adapted  for  vist^  with  track  circuits.  The 
adjusting  shunt  1  in  Fijr.  43  is  moved  alonjj:  the  bare  resistance 
wire  2  to  the  right  or  l<*ft  to  decrease  or  increase  the  resistance 
of  the  track  circuit  to  suit  local  conditions. 

In  V\^.  44  the  same  result  is  obtained,  the  path  of  the 
current  being  as  follows:     From   wire  1  through  binding  post 

•The  LeClaiu'lie  ceH  may  be  considered  typical. 
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1,  to  a  coil  of  bare  resistance  wire  3.  With  adjusting  shunt 
removed  tlie  current  will  pass  through  the  entire  coil,  to 
aripistmf)  screw  5,  to 
which  the  uppiT  end  of 
the  coil  is  attached.  The 
current  then  passes  from 
the  lower  end  of  the 
adjusting  screw  through 
connecting  plate  6  and 
hiniUng  post  7  to  wire  8. 
With  the  adjustiuK  shunt 
in  the  position  shown,  the 
current  will  pass  only 
through  the  portion  of 
■''»■  *"  the  coil  below  its  contact 

surfaces.    From  this  point  to  the  adjusting  screw  a  low  resistance 
path  is  formed  through  the  adjusting  shunt.     Therefore  the  re- 
sistance of  the  circuit 
is  varied  by  the  rais- 
ing or  lowering  of  the 
adjusting  shunt. 

64.  Fixed  resis- 
tances, woiind  o  n 
wooden  or  hard 
rubber  spools,  an' 
frequently  used.  This 
type  is  sometimes 
supplied  with  a  soft 

iron   core,   which   in-  *' 

creases  its  effect  as  a  choke  coil,  thus  assisting  considerably  in 
preventing  the  passage  of  lightning  discharges". 

56.  Charging  Switches:  When  charging  storage  batteries 
from  a  charging  line,  switches  arc  employed,  one  type 
of  which  is  shown,  together  with  its  wiring  diagram,  in 
Fig.  45. 

It  will  be  observed  that  duplicate  balltries  are  used,  one 
set  being  charged  while  the  other  is  discharging  to  the  track. 

■The  action  of  the  choke  coil  l9  explained  in  Art.  G2. 
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The  flow  of  current  to  the  track  must  not  be  interrupted,  there- 
fore the  contact  fingers  A  are  made  long  enough  so  that 
when  the  switch  is  bein^  thrown  to  its  opposite  position,  to 


CONNCCTlNe  WIRES 


CONTCCTlNe  PLATE 


/from 

charging 

\line 
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Flff.  46 

reverse  the  charging  of  the  batteries,  contact  will  be  made  on 
one  set,  before  contact  is  broken  on  the  opposite  set.  This  is 
shown  by  the  dotted  position  of  the  springs  in  the  diagram. 

BATTERY    SHELTERS 


56.  Where  gravity  batteries  are  used  they  must  be  protected 
not  only  from  mechanical  injury  and  interference,  but  also 
as  already  stated,  from  low  tempc^ratures.  It  is  also  desirable 
to  protect  them  from  evaporation  although  some  ventilation 
is  necessary. 


MATERIALS  OP  CONSTRUCTION 


67.  Battery  Cup- 
boards: When  a 
signal  tower  is  con- 
veniently situated, 
the  track  battery 
may  be  located  in 
a  battery  cupboard* 
in  the  building.  This 
is  usually  an  ordi- 
nary cupboard  fitted 
with  shelves,  prop- 
erly spaced  for  hold- 
ing   the    cells.      A 


Fix.  M 

suitable  design  is  shown  in  Pig.  46. 

Pig.  47  illuHtrates  a  grooved  shelf  which  is  used  to  some 
extent  in  battery  cupboards.  The 
object  of  the  grooving  is  to  pre- 
vent cracking  of  battery  jars, 
assumed  to  be  due  to  a  difference 
in  temperature  between  the  bot- 
tom and  sides  of  jars  when  placed 
on   plain   shelves.     The   grooves  fib-  -i 

permit  air  to  reach  the  bottom  of  the  cells  and  thus  tend  to 
keep  the  bottom  and  sides  at  the  same  temperature. 

58.     Battery    Boxes:     There  are  many  instances,  however, 

'  1 ■ 


1   balUry  cloiil  and  bi 
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where  no  building  is  convenient  for  housing  track  batteries. 
In  such  cases  battery  boxes  or  battery  chutes  are  used.  Fig. 
48  illustrates  a  batterj'^  box  for  iLse  in  a  warm  climate.  The 
box  is  made  of  wood  and  is  set  deep  enough  into  the  ground 
to  keep  it  in  place. 

59.    Pig.  49  shows  a  cast  iron  box  used  for  the  same  pur- 
pose,  which  is  provid(»d   with   an  additional  bottom   of  wood. 

1  —- , 
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Fiar.  49 


it  being  undesirable  to  set  the  jars  on  iron,  as  contact  with 
iron  would  produce  a  difference  in  temperature,  which  would 
be  likelv  to  crack  them. 


!*i 
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60.  A  type  of  bat- 
tery box  which  is 
usually  not  as  damp 
as  those  set  into  the 
ground  is  illustrated 
in  Fig.  50.  It  is  cas- 
tomary  to  use  a  post 
of  hard  pine,  oak  or 
chestnut,  about  eight 
feet  long,  set  four 
feet  into  the  ground. 


SECTION  I-' 


61.    If   a   few   de- 

^■*-  ^  grees  of  frost  are  to 

be  guarded  against,  the  battery  box  shown  in  Fig.  51  will  give 

satisfaction.     The  warmth  from  the  earth  is  retained  in  the 

box  by   the  frost   board*   1,   thus  keeping  the  batteries  at   a 


♦Also  called  frost  cov^r  and  frost  hteakrr. 
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working  temperature.     The  false  bottom  2  on  whieh  the  cells 
are  placed,  is  kept  in  a  dry  condition  and  is  thus  prevented 

fromrottingby 
the  air  space 
beneath  it.  This 
space  also  acts 
as  a  sump  in 
case  of  leakage 
of  water  into 
the  box. 
SECTION  A-A  .The     con- 

struction of  this  box  is  varied  by 
the  omission  of  the  bottom  and 
the  use  of  slats  for  the  false  bot- 
tom. Tn  case  of  a  broken  jar,  the 
battery  solution  drains  through  the 
slats  to  the  earth. 

oECTioN  B-B  62.   Battery  Chutes:    If  protec- 

rig.  51  tion    is    to    be    provided    against 

severe  cold  weather,  other  types  of  battery  shelters  must  be 

employed.    Usually  the  most  convenient  form  for  this  purpose 

is  the  batterv  chute. 


63.  The  wooden  hat  I  try  chute  shown  in  Fig.  52  represents 
one  of  the  earliest  methods  used  to  keep  batteries  from  freezing. 
By  lowering  the  cells  deep  enough  into  the  ground  they  are 
maintained  at  a  proper  temperature  by  the  warmth  of  the 
earth,   assisted  by  the  frost  board   1. 

The  chutes  are  made  of  a  good  quality  of  white  pine,  cypress, 
yellow  pine  or  oak,  the  joints  being  filled  with  white  or  red 
lead.  They  are  occasionally  built  to  hold  twelve  cells,  or  even 
more  if  desired,  but,  for  track  circuit  work,  it  has  usually  been 
found  more  convenient  to  use  chutes  designed  to  hold  not  more 
than  six  or  perhaps  eight  cells. 

Battery  elevators*  2,  are  usually  made  of  a  good  quality  of 
white  or  yellow  pine.  They  are  arranged  to  hold  from  one  to 
four  cells  but  an  elevator  containing  more  than  two  cells  is 


•Also  called   battery  wuiters. 
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difficult  to  baodle  especially  imder  unfavorablj'  weather  con- 
ditions. A  vacant  space  in  the  eleiator  can  be  used  to  good 
advantage  for  storing  a  spare  jar  and 
is  available  if  it  should  become  necessary 
to  increase  tbe  number  of  cells  in  the 
battery. 

The  rope  3  which  passes  through  the 
center  of  the  frost  board  in  addition  to 
its  principal  use,  that  is,  for  lifting 
the  elevator,  also  prevents  tbe  frost 
board  from  getting  lost. 

It  should  be  long  enough  to  allow  the 
frost  board  to  be  lifted  clear  of  the  top 
of  the   chute   without  raising   the   ele- 


64,  Batten,-  chutes  should  be  thor- 
oiiglily  painted  on  the  oiitaide  and  if 
siibji'ctcil  to  considerable  dampness, 
oiled  or  painted  on  the  inside.  The  life 
of  the  elevator  will  be  prolonged  if  oiled 
or  painted,  although  this  is  not  always 
done. 


66,    Under  favorable  conditions,  that 

is,  where  the  ground  is  dry  and  there 

Fi«.  .12  jg    good    drainage    for    surface    water, 

probiibly  the  wooden  chute  may  be  eonsidorod  as  good  a  battery 

.shelter  for  a  small  number  of  cells  as  can  be  provided. 

lu  many  eases  bowevcr.  it  is  iicecssarv-  to  locate  chutes  in 
wet  plac(!8  and  it  is  sometimes  difficult,  I'speeially  in  winter, 
to  provide  good  surface  drainage.  Various  means  are  employed 
to  make  wooden  chutes  water-tight;  they  are  often  covered  with 
sheet  metal,  such  as  tin*,  galvanized  iron,  zinc  or  lead,  all 
joints  being  soldered.  Tin  rusts  out  quickly,  being  attacked 
on  the  outside  by  water,  etc.,  and  on  the  inside  by  battery 
solution  spilled  into  the  chute.  Galvanized  iron  and  zinc  last 
somewhat   longer   but   in   time   are   consumed   by    the   battery 
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solution.  Lead  although  expensive  is  much  more  durable  and 
when  properly  applied  and  the  chutes  carefully  handled  has 
proven  aatiafactory.  In  practice,  however,  it  is  not  easy  to  get 
them  into  place  without  starting  some  leak,  usually  caused 
when  handling.    Furthermore  they  are  difficult  to  test  for  leaks. 

66.  "With  a  view  to  overcoming  the  imdesirable  features  of 
the  wooden  chute,  cast  iron  chutes,  types  of  which  are  shown 
in  Figs.  53-34,  have  been 
brought  into  use,  and  to 
a  large  extent  have  super- 
seded those  constPHCted 
of  wood.  These  are  made 
single  and  double  as 
shown,  in  lengths  varying 
from  6  to  9  ft.,  the  shorter 
being  used  in  moderate 
climates  and  the  longer 
where  extreme  cold 
weather  is  to  be  guarded 
against.  In  the  double 
chute,  a  u-ootlcn  separator 
is  placed  between  the  two 
elevators. 

67.     The  elevators  are 

made  of  wood.     The 

heads',  which  are  usually 

of  white  pine,  eypress  or 

fir,   are  sometimes   made 

of  two  thin   boards  laid 

together   with   the   grain 
Fi«.  s»  at    right    angles.      These  p,^.  54 

are  generally  nailed  together  although  they  are  sometimes 
glued.  The  slats  are  made  of  well  seasoned  oak  or  ash,  free  from 
knots.  The  number  of  slats  varies  from  three  to  five;  with 
fewer  slats  the  connections  are  more  accessible,  whereas  with 
a  greater  numl)cr,  a  stronger  construction  is  oI>taiued.  The 
elevators  are  generally   painted. 


28 


D.  C.  TRACK  CIRCUITS 


68.  That  part  of  tlu-  chuU' 
above  the  frost  board  is  some- 
times made  rci^taugular  and 
when  so  constmeted  provides  a 
better  space  for  storing  battery 
material. 
Fi»  15  The  (o\crs  shown  are  detaeh-  vig,  m 

able  being  held  in  plaee  b\  lugs,  although  they  are  often  made 
with  hinges  The  hinges  sometimes  become  rusty  and  as  a 
result  work  hard  and  are  liable 
to  break.  Another  fastening 
for  the  cover  is  shown  in  Fig. 
55. 

69.  That  part  of  the  chute 
whieh  covers  the  end  of  the 
trunking  is  known  as  a  trnnkiiig 
cap.  Although  sometimes  east  as 
a  part  of  the  chute  it  is  frequent- 
ly a  separate  casting,  secured  by 
bolts  and  spring  washers,  as 
shown  in  Fig.  54.  The  triinkiiig 
strap  illustrated  in  Fig.  56  is 
another  method  of  attaching  the 
tnuiking. 


70.   Batter>-  chutes  construc- 
ted  of   concrete   are  sometimes 

used. 


71.  Battery  Vanlts:  When  a 
large  number  of  '  battery  cells 
are  grouped  together  they  eim 
be  conveniently  located  in  a 
batleiy  vault";  a  type  of  which 
is  illustrated  in  Fig.  57.  In 
such  vaults  the  warmth  of  the 
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earth  is  utilized  to  prevent  the  batteric^s  from  freezing,  as 
explained  in  connection  with  chutes.  They  are  built  of 
wood,  iron,  briek  and  concrete.  As  battery  vaults  are  mainly 
employed  for  housing  batteries  used  in  connection  with 
other  signal  circuits,  details  of  their  construction  will  be  ex- 
plained hereafter. 

Chutes  and  vaults  are  advantageous  in  comparatively  warm 
•i'limates,  where  there  is  little  danger  of  freezing,  as  they  keep 
the  cells  at  an  even  temperature,  thus  tending  to  produce  a 
uniform  output. 

72.  Dry  Battery  Shelters:  Dry  cells  may  be  put  in  any 
convenient  place*,  this  being  one  of  their  best  features,  but  they 
will  last  longer  if  kept  where  it  is  neither  too  dry  nor  too  damp ; 
in  the  former  case,  as  for  instan(*e  close  to  a  stove  or  heater 
they  lose  moisture,  a  certain  amoimt  of  which  is  necessary  in 
the  cell ;  in  the  latter  case,  the  paste-board  covers  will  become 
saturated  and  current  will  probably  leak  from  the  zinc  casing, 
partially  short-circuiting  the  cells.  Dampness  also  tends  to 
corrode  binding  posts  and  connecting  wires. 


FlK.   58 


73.  Storage  Battery  Shel- 
ters: Storage  batteries  give 
off  injurious  gases  and  there- 
fore when  placed  in  ordi- 
nary buildings,  arrange- 
ments must  be  made  for 
ventilation. 

Cupboards  locati^d  outside 
are  often  used,  as  storage 
batteries  are  not  seriously 
affect(»d  by  low  t«MnpcTa- 
ture**,  and  consequently  no 
special  arrangvnnents  are  re- 
<juire(l  to  keep  theiu  warm. 

The  cells  are  quite  heavy 
and  therefore  require  a  siib- 
.stantial     rack     to     support 


♦See  Fig.  76  for  an  arranpeni^^nt  of  drv  batteries. 
♦•See  MaiirnetlNm  aod  KWctrU*it^—  Ba/i'grirs. 


30 


D.  C.  TRACK  CIRCUITS 


them,  a  fypk-al  design  bfing  showo  in  Fig.  58.     As  the  fumes 
from  the  battery  attaek  nails  and  bolts,  the  rack,  as  indicated  in 
the  figure,  is  fastened  together  by  wooden  dowel  pins.     Hard 
pine  lumber  should  be  used  throughout,  and  when  completed, 
the  entire  raek  should  bo  given  at  least  two  coats  of  acid-proof 
paint;  in  fact  all  wood- 
work   about    the    cells 
should     be     thoroughly 
protected  by  this  paint. 
from     the     fumes     and 
spraj-  which  is  given  off 
by  them. 


74.  When  it  is  neeea- 
sarj'  to  provide  Khelter 
ik)r  n  few  storage  eells  at 
isolated  points  iilong  the 
track  the  concrete  shel- 
ter iliuslnited  in  Fig.  59 
may  be  used.  The  chart;- 
ing  switehes  ;n.d  resis- 
tanees  are  phieed  on  the 
table.  The  fumes  and 
spray  of  storage  eeils 
soften  conerett-  and 
therefore  it  is  di'sirable 
to  lay  the  Hoor  of  the 
vanit  with  vitrified  briek 
jointed  with  pitch,  and 
to  apply  hot  pilch  to 
the  walls. 


LIGHTNING  ARRESTERS  AND  TERMINAL  BOARDS 


75.  T(7  reduce  the  interfcn^nce  of  lightning  discharges  with 
the  operation  of  track  circuits  as  much  as  possible,  it  is  customarj- 
to  protect  the  relays  with  iiglitniug  arresters'. 

There  are  three  devices  or  forms  of  apparatus  ordinarily  iLsed 
to  accompli.sh  this  purpose.     Tbey  are:  the  spark  gap,  the  fuse 
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and  the  choke  coil.    Some  types  of  arresters  represent  only  one  of 
these  features ;  others  consist  of  combinations  of  them. 

76.  Spark  Gap  Arresters :  A  form  of  the  spark  gap  arrester 
is  illustrated  in ,  Fig.  60.     Five  brass  plates  having  saw-tooth 

edges  are  mounted  on  a  wooden 
(cherrj'  or  mahogany)  base  1  as 
shown.  The  middle  plate  2  is 
grounded  and  the  \vires  leading 
to  the  relay  are  connected  to  the 
other  plates  (see  diagram). 

As  lightning  disturbances  tend 
to  produce  a  high  voltage  between 
the  wires  and  the  earth,  an  arc 
is  foDued  across  the  gap  to  the 
ground  plate,  and  the  excessive 
potential  is  thus  discharged.  The 
snu'-lfcth  on  the  plates  assist  in 
forming  the  arc.  The  plates  are 
plaet^d  far  enough  apart  so  that 
the  ordinary  working  voltage  will 
not  hold  the  arc ;  therefore  as  soon 
as  the  excessive  voltage  is  dis- 
charged the  arc  is  broken  and  the 
normal  operation  of  the  circuit  is 
restored. 

As  wood  is  liable  to  be  car- 
bonized* by  an  arc,  thus  making 
electrical  connection  between  the 
plates  and  therefore  permanently 
Flic.  00  grounding  the  circuit,  a  channel  is 

frequently  cut  in  the  wood  beneath  the  saw-teeth.    Better  results 
may  be  secured  by  the  use  of  slate  or  porcelain  for  the  base. 

In  this  form  of  arrester  the  saw-teeth  are  liable  to  be  melted 
oflf  by  the  heat  of  the  arc,  so  that  after  the  arrester  has  been 
in  service  for  some  time  the  space  between  the  plates  may  be 
considerably  increased  and  it  will  require  a  much  higher 
voltage  to  start  the  arc,  thus  decreasing  the  efficiency  of 
the  arrester. 


6rounJ 


•Formed  into  charcoal. 
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77.  Another  form  of  .si)ark  gap  arrester  is  sho\\ii  iu  Fig.  61. 
In  this  type,  pairs  of  carbon  blocks  1  separated  by  pieces  of 
perforated  mica  2  are  clamped  between  the  brass  springs  3  and 
the  ground  plate  4.  The  springs  arc  connected  to  the  contact 
strips  5,  the  wires  leading  to  the  relay,  being  attached  as  shown. 
The  base  is  made  of  porcelain  or  slate,  the  holes  in  the  bottom 
being  sealed  with  insulating  wax  thus  excluding  moisture  which 
is  liable  to  corrode  the  binding  screws.  The  wax  also  assists  in 
holding  the  screws  in  place. 


FlK.   At 

As  carbon  is  a  conductor,  and  as  the  sheet  of  mica  is  (juite 
thin,  (about  ^^^  in.)  the  gap  is  small  and  easily  spanned  by  an 
arc  in  ease  of  excessive  voltage. 

It  is  practically  impossible  to  melt  carbon,  and  therefore  a 
much  more  luiiform  space  is  maintained  than  with  the  saw-tooth 
arrester.  The  carbons  and  mi(*a  are  removable  and  therefore 
can  readily  be  inspected  and  cl«»aned. 

A  single  carborundum  bh)ck  is  being  used  in  place  of  the 
two  carbon  blocks,  the  mica  being  omitted.  Thus  the  circuit  is 
continually  grounded  through  the  carborundum  block,  but  as  the 
resistance  of  this  material  is  high,  the  operation  of  the  signal 
devices  is  not  disturbed ;  at  the  same  time  a  suitable  ground  for 
lightning  discharges  is  provided. 

78.  Fuses:  The  high  voltage  produced  by  lightning  dis- 
turbances frecpii^ntly  causes  an  ex(»(»ssive  flow  of  current  through 
circuits  in  which  relays  are  placed.  To  protect  the  instruments 
from  this  current,  fus«'s  are  sometinu^s  inserted  in  the  wires 
leadinsr  to  them.    Of  course,  after  a  fuse  has  been  blown  it  nuist 


MATERIALS  OF  CONSTRUCTION 


33 


be  replaced  before  the  circuit  can  be  used  again.  On  this  accoiuit 
their  use  is  sometimes  considered  undesirable.  It  is  apparent 
that  the  capacity  of  a  fuse  should  be  iat  least  equal  to  the  maxi- 
mum operating  current. 

79.    One  of  the  simplest  foniis  of  fuses*  used  in  signal  work, 
and  the  manner  in  wliich  it  is  applied  to  protect  the  relay  is 


shown  in  Fig.  62.  The  fuse  wire  1  between  the  two  terminals 
2  is  usually  made  of  an  alloy  of  lead  and  tin,  which  has  a  com- 
paratively high  resistance  and  a  low  fusing  temperature. 

The  arrangement  shown  in  Fig.  62  is  objectionable  for  the 
following  reasons :  First,  exposure  to  mechanical  injury.  Second, 
fuse  wire  used  for  this  purpose  will,  if  exposed  to  moisture,  be 
diminished  considerably  in  cross-section  by  oxidization,  and,  its 
(*arrying  capacity  being  thus  reduced,  it  is  liable  to  be  blown  by 
the  operating  current.  Third,  fuses  made  from  the  lead-tin 
alloy  are  soft  and  easily  broken,  and  will  melt  if  momentarily 
(»xposed  to  any  common  source  of  heat  such  as  a  burning  match. 


■to  @|t#-^  ®>f|f 


80.  Another  arrange- 
ment. Imown  as  the  mica 
fuse,  is  shown  in  Fig.  63. 
The  fuse  wire  1  is  covered 
With  varnish  or  shellac 
and  placed  either  on  one 
side  of  a  mica  plate  2  or 
between  two  mica  plates,  Fiar.  es 

thus  being  protected  from  mechanical  injury  and  from  moisture. 
The*  ends  of  the  fuse- wire  are  connected  to  thin  copper  hands 


•Also  caUed  spider  wires. 
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3,  which  are  slotted  ao  as  to  fit  eonvenieiitly  into  the  terminttU 

4.  The  base  5  is  usually  made  of  porcelain  or  slate. 

81.  Another  meth- 
od of  protecting  the 
fuse  wire  is  to  place 
it  inside  a  glass  tube 
as  shown  in  Fig.  64. 
Cartridge  fuses  are 
nonietinies  used  in  connection  with  lightning  arresters. 

82.  Choke  Coils:  A  choke  coil"  lightning  arrester  is  shown 
in  Fig.  65.  Several  tuma  of  tinned  copper  wire  1  are  wound 
on  a  porcelain  tube  2,  which  contains 

a  soft  iron  core  3.  One  of  these  coils 
is  cut  in**  on  each  wire  leading  to 
the  relay. 

Lightning  disturbances  usually  ap-       A 
pear  in  the  form  of  high  frequency 
alternating  cui-reut,  which  in  passing       y 
through  the  tunis  of  the  eoil  develops        I 
a  large  amount  of  reactavcei.     This       ^ 
cfFci't    is    greatly    increased    by    the 
presence  of  the  soft  iron  core.     The 
coil  therefore,  although  offering  very 
little  resistance  to  the  signal  current, 
chokes    off   the    lightning    discharge. 
■   Bare  wire  is  used  for  the  coil  and  a 
ground  plate  4  is  provided,  thus  pro- 
ducing a  spark   gap   to   relieve   the 
di.scharge.     The   base   5  is  made  of  *"^ 

porcelain  or  slate.  *'^-  •* 

83.  Combination  Arresters:  A  lightning  arrester  combin- 
ing the  spark  gap,  fuse  and  choke  coil,  is  illustrated  in  Fig.  66. 
Such  combinations  are  used,  as  it  is  assumed  that  when  so  ar- 
ranged the  arrester  will  be  more  effective  in  overcoming  light- 
ning disturbances. 
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With  this  type  the  soft  iron  core  is  omitted  and  the  nurabt'c 
of  turns  in  the  choke  coil  increased.    The  spark  gap  is  between 


the  turns  of  wire  in  tlio  coil  and  ground  plate,  as  in  Pig.  fio. 
The  block  is  made  of  porcelain, 

84.  Another  combination  of  the  three  devices  i.s  shown  in 
Fig.  67,  in  which  the  choke  coil  and  ground  plate  are  similar 
to  those  illustrated  in 
Fig,  65.  Other  spark 
gaps  are  arranged  on 
each  side  of  the  saw- 
tooth plate  1  using  ad- 
ditional ground  plates 
2  and  3. 


85.  In  Fig.  68  ia 
shoivn  an  arrester  in 
which  the  choke  coil  is 
wound  on  a  glass  ttihe 
1,  inside  of  which  is  a 
closed  coil  2  of  many 
turns  of  wire.  The 
ground  plate  3  is  cover- 
ed with  perforated  mica 
4  to  prevent  accidental 
grounding  of  the  cir- 
Fic.  ST  cuit  on  account  of  some 

conducting  substance  getting  between  the  plate  and  the  coil.    A 
copper  tipped  link  fuse  5  is  shown.    Metal  blocks  6,  which  sup- 
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Pid.  OS 

[jort  the  glass  tube,  also  assist  m   discliarping  to  tin-  ground 

plate. 

86.  Groaods:  Fur  the  suc- 
Cfssful  0|i(Tati«u  of  the  lightning 
arrester,  a  good  ground  eonncc- 
tion  iiiuRt  be  secured. 

When  a  water  pipe  is  oeeessiblt', 
as  is  frequently  the  ease  at  signal 
towers,  it  is  eoTnition  practice  to 
ground  on  to  it,  using  a  {/round 
cloiii}).  such  as  is  shown  in  Fig.  69. 


87.  When  there  is  no 
made  of  ^  to  1  in.  galvatiiz  d 
iron  about  t*  ft.  lou«,  is  dri\  n 
into  the  earth  and  the  grou  1 
wir<'  soldered  to  the  lop  of   t 

88.  Water  pipes  n  d 
ground  rods  are  not  ahv; 
satisfactory,  the  0''<"<  d 
j>lafc'  shown  in  Fig.  T)  l)e- 
inp  considered  a  better  ar- 
rangement, although  more 
diffienit  to  install.  The  plate 
is  made  of  anneiih-d  copper 
and  should  be  at  lea.st  IS  in. 
sf|uare.  and  -^^  in.  thick,  being 


lent  water  pipe    a  i/roiiiul  rod 


pile 


•It     ! 


luld    t 


lotod   t 
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thoroughly  tinned  to  avoid  forrosion.  A  bare  tinned  (.'oppfr 
wire,  usuEilly  from  JO  to  20  ft.  long,  not  smallir  than  No.  6, 
B.  &  S.  G.,  is  soldered  or  brazed  to  the  plate*.  The  wire  is 
soniPtinies  riveted  to  the  plate,  and  then  soldered  or  brazed.  The 
plate  when  in  place  is  surrounded  by  eriished  charcoal  or  eoke", 
fabout  pea-size),  which  collects  and  retains  uioisture,  thim  in- 
suring a  good  ground  connection. 

89.  Terminal  Boards:  AVhen  the  light- 
ning iirresters  are  placed  at  some  distance 
I'l-oni  the  relay,  as  fret[uently  ot-curs  in  a 
toHcr,  or  in  ease  no  arresters  aiv  usid.  it  is 
eoiiimon  practice  to  install  brass  terutinalst 
mounted  close  to  the  relay,  as  a  convenient 
means  of  identifying  the  uires  and  also  i'or 
attaching  the  solid  wires  used  in  the  ordi- 
naryMiring  to  the  flexible  leads  wliidi  are 
eiinnei'tcd  to  the  binding  posts  of  tlie  relay. 
Such  an  arrangri-nient  is  n-presented  dia- 
gramatically  in  Fig.  71. 

FlK.  Tl 

90.  In  many  eases  the  brass  termliidls  are  mounted  on  ihe 
inside  of  the  relay  box  for  this  purpose,  ns  shown  at  A.  Fig.  7'2. 
but  better  ri-snlts  are  obtained  by  the  use  of  a  separate  block 


i 

n 


with  the  terminals  mounted  upon  it,  known  as  a  terininnl  board, 
as  shown  at  »  in  the  same  figure.  The  blin-k  may  l)e  uiade  from 
well  seasoned  oak  or  cherry  and  is  often  oiled  after  it  is  bored 
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for  the  terminals,  although  they  are  sometimes  impregnated 
with  paraffin  or  other  suitable  material,  to  exclude  moisture  and 
thus  insure  good  insulation. 

91.     In  Fig.  73  is  illustrated  a  slate  terminal  board.     In 


A^ 


IsectionAA 


Ft«.  7S 

the  type  shown  the  terminals,  which  are  flat  brass  plates,  are 
staggered  to  allow  the  wires -to  pass  directly  across  the  board. 


BELAY  SHELTERS 

92.  In  order  to  obtain  good  service  from  track  relays  it  is 
necessary  to  protect  them  from  the  weather,  dust,  moisture  and 
from  interference. 

93.  Relay  Cases:  When  relays  can  be  placed  inside  of 
buildings,  it  is  usually  desirable  to  do  so.     When  so  located  a 

relay    case*,    a    type    of 


'  which  is  shown  in  Fig.  74, 
is  employed. 

If  more  than  one  shelf 

is    required,    the    door    is 

(Mther  hinged  on  one  side 

of  the  case,  or  is  made  in 

two  parts  opening  in  the 

Fig.  74  middle.     Space  should  be 

provided  for  the  terminal  board,   and  also  for  the  lightning 

arresters  if  they  are  to  bo  placed  in  the  relay  case. 


♦Also  called  re/ay  cupboard. 
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94.  Belay  Boxes:  When  there  is  do  building  conveniently 
'  situated,  it  is  necessary  to  provide  a  relay  shelter  that  is  weather- 
proof. Suitable  shelters  for  this  purpose  are  constructed  of 
wood  and  iron. 

96.  A  wooden  relay  box  is  illustrated  in  Fig.  75,  mounted 
on  a  relay  post  1.    The  relay  is  placed  on  the  shelf  and  the  space 


below  is  used  either  for  the  lightning  arresters  or  terminal  board 
as  shown,  or  for  another  relay.  The  inner  door'  2  provides 
additional  protection  against  the  weather  and  dust.     When  the 


D  caUed  /rail  tU 
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outer  diior.'S  is  closed  it  coinprt-sscs  the  flat  brass  sjiriiiys  4  on 
tlu;  iuner  door,  which  force  the  latter  tightly  a)j;aiiist  tlie  fflt 
ya-ikef  5  on  the  door  stoii. 

"Wooden  relay  boxi^a  are  lu^ually  constructed  from  ft  good 
(juality  of  white  pine,  tlie  .ioints  heing  tilled  with  white  lead. 
The  interior  of  tlie  liox  is  painted 
with  two  coats  of  white  paint  and 
the  outsider  witli  two  coats  of  paiut 
of  suitable  color. 

In  some  eases  the  interior  is  coated 

with  oil  instead  of  being  painted,  as 

it  is  thought  tliat  in  case  metallic 

K  wfc>  paints    were    used,    grounding    or 

^■■b^^     ^      I  short-eiruuiting  might  ociiur. 

^  '  As  indicated  by  dotted  lines,  two 

relHv  boxes  may  be  inouiited  on  the 
siiiiie  |>ost. 

The  wooden  i>i>sls  upon  which 
relay  boxes  are  mounted  arc  made 
of  hard  pine,  chestnut  or  oak.  The 
boxes  are  usually  secured  to  tlie 
posts  by  bolts  as  shown  or  by  wood 
sere^vs. 

In  sketch  I'.,  Fig.  75,  is  sliown  a 
relay  post  having  a  groove  for  carrj'- 
ing  win's  up  the  post  to  the  relays. 
This  arrangement  obviates  the  ne- 
"  ci'ssity  for  using  the  vertical  tnink- 
iiig. 


96.     .\  ca.ll  iroit  relay  box,  niount- 

I'd  on  an  iron  nUiy  pos*,  containing 

a  relay,  litrhtning  arresters  and  cells 

^-,^_  j„  of    dry    battery,     is    illustrated    in 

Fig.  7K.     If  desired  the  post  uiay  be  set  in  the  ground,  the 

eoueri'tc   foundation  being  omitted. 

The  teudeney  of  inoisture  to  collect  on  metal  surfaces'  makes 
it  desirable  to  line  the  inside  of  these  boxes  with  wood  as  shown. 
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Till'  groove  in  the  edge  of  the  door  is  fitted  with  a  riihbfr  or 
frit  yaskft  1   to  fxelude  dust  and  moisture.     The  iniur  <hiiir  2 


is  mounted   on   stnds   fastened   to  the    irim    dotn-   :!    with    brass 
spriiH/s  4  between  them. 

Hard  wood  or  hard  rubber  hushiiiijs  5 
are  fitted  into  the  small  openings  in  the 
relaji  iio.tt  (J,  so  thiit  tlie  wires  will  uot  he 
injured  when  being  drawn  into  ptaee. 

97.  In  some  cases  the  post,  instead  of 
extending  into  the  foundation,  is  leaded 
into  a  east  iron  base  whieh  is  seeured  to 

the  top  of  the  foiindiition  by  anchor 
bolts  as  shown  at  A.  Pitt,  77.  This  tj-pe 
of  post  is  also  set  on  oak  foundations, 
as  shown  in  sUeteh  It. 

98.  Other  methods  of  mounting  iron 
relay  boxes  are  shown  in  Fig.  7!^.  In  the 
arrangement  shown  at  A,  the  relay  piwt 
is  bolted  on  to  a  battery  chute  in  plaee 

•  of  the  trnnking  strap.  (Kig.  5C>).  In 
some  instaiiees  winKh'ii  relay  boxes  are 
attached  to  the  iron  relay  post  inst'ad  of 
the  iron  box,  as  shov*'n.  Sketeh  B  illus- 
trates a  relay  box  bolted  to  an  iron  signal 

post.  FlK.  78 
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TRUNKINO  AMD  CONDUIT 

99.  In  order  that  the  wires,  which  form  a  part  of  the  track 
circuit,  may  be  protwted  from  mechanieal  injury  and  also  to 
some  extent  from  moisture,  they  are  placed  together  in  a  wooden 
casing,  called  Irunkirtg  or  in  fiber  tubing  known  as  conduit. 

100.  Tnmkinff:  Inside  of  buildings  the  type  of  trunjtjng* 
sbown  at  A,  Pig.  79,  is  employed.     The  board  used  as  a  cover 


is   calli'd  capping.     This  trunking  is  made  of   white  pine  or 
cypirs-s  in  10  to  16  ft.  lengths. 

101.  Outside  of  the  buildingN  ivIhtc  better  protection  is 
reciuiri'd,  the  type  shown  at  B  is  used.  It  wilt  be  observed  that 
the  groove  is  the  same  size,  bnt  the  walls  are  much  thicker. 
This  type  is  made  of  white  pine,  cypress,  fir,  yellow  pine  and 
redwood,  usually  in  the  saine  lengths  as  the  smaller  tnmking. 
It  is  sometimes  treated  with  creosote  or  other  wood  preserva- 


102.    Where  greater  capacity 
at  C  and  D  are  substitnted. 


necessary  the  types  shown 
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103.  If  a  still  larger  size  is  required  it  may  be  made  in  the 
foregoing  manner,  but  is  often  constructed  with  four  separate 
pieces  of  lumber  as  shown  at  E,  being  known  as  built  up 
trunking, 

Trunking  is  finished,  except  on  the  inside,  and  capping  on  all 
sides. 

« 

104.  In  order  to  provide  better  protection  for  the  wires,  they 
are  sometimes  surrounded  with  a  pitch  compound,  after  being 
laid  in  the  trunking.  This  compound  excludes  moisture  and 
furthermore  it  is  thought  to  protect  the  insulation  from  being 
affected  chemically  by  treated  trunking.  It  should  have  a  low 
melting  point  (200  deg.  Fahr.  or  less)  in  order  that  it  will  not 
burn  the  wire  insulation.  It  also  should  not  become  brittle  in 
extreme  cold  weather. 

106.  Trunking  Stakes:  When  trunking  is  installed  on  or 
above  the  surface  of  the  ground  it  is  supported  on  stakes,  Fig.  80, 

generally  made  of 
unfinished  white 
oak  or  hard  pine. 
Round  white  ce- 
dar stakes,  taper- 
ed, are  also  used 
for  this  purpose. 
Stakes  should  be 
longenoughto  ex- 
tend at  least  2  ft. 
jp,,^  g^  into  the  ground. 

106.  Conduit:  Bituminized*  fibre  conduit  shown  in  Fig. 
81,  is  used  to  some  extent  in  place  of  trunking.  It  is  water- 
proof and  is  not  attacked  ^^ 

by  acids  or  alkalies.  ^^^SiB   ^^P 

Two   methods   are   used       Mtttntttm^    ^^^ 

in    making    joints:    First  '^'**  ^* 

with  sleeves,  either  tapered  as  shown,  or  threaded;  and  second, 


•Impregrnated  with    bitumfn.    See  Materials. 
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by  a  socket  joint  arranged  directly  on  the  lengths  of  conduit. 
A  sealing  compound,  either  white  lead  and  linseed  oil,  or  hot 
tar,  is  sometimes  used  in  making  the  joints  as  an  additional 
protection  against  moisture. 

This  conduit  is  furnished  in  sizes  from  1  to  4  in.  inside 
diameters  and  usually  in  lengths  of  from  2^^  to  7  ft.  The 
thickness  of  the  wall  varies  from  1/4  in.  to  ^2  in.  Bends,  tees, 
crosses,  caps,  junction  boxes,  etc.,  are  made  of  the  same 
material. 
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EXAMINATION  QUESTIONS 

(1)  What  is  a  track  circuit? 

(2)  How  are  adjacent  rail  lengths  electrically  separated? 

(3)  What  is  an  end  post? 

(4)  (a)     W'hat    is    a    rail    bond?      (6)     Why    are    they 
necessary  ? 

(5)  Name  two  kinds  of  wire  used  for  rail  bonds. 

(6)  Why  should  bond  wires  be  tenacious? 

(7)  State  two  methods  of  attaching  bond  wires  to  the  rail. 

(8)  When  are  large  types  of  rail  bonds  necessary? 

(9)  Is  mechanical   strength   an   important   feature   of   an 
insulated  rail  joint? 

(10)  What  purpose  does  fiber  serve  in  an  insulated  rail 
joint  ? 

(11)  Why  is  it  impossible  to  place  the  outside  wood,  shown 
in  Fig.  7,  on  the  inside  of  the  rail? 

(12)  What  are  fiber  bushings  and  liber  washers  used  for? 

(13)  Describe  the  probable  result,  assuming  that  an  in- 
sulated rail  joint  similar  to  that  shown  in  Fig.  10  were  installed 
without  the  fiber  washera. 

(14)  How  are  insulated  rail  joints  arranged  for  use  on 
frogs  having  guard  rails? 

(15)  Why  are  switch  rods  insulated? 
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(16)  Why  is  comparatively  low  insulation  resistance  satis- 
factory on  track  circuit  work  ? 

(17)  Would  you  recommend  the  use  of  wedge  blocks! 

(18)  Is  it  advisable  to  have  the  bushings  in  insulated  switch 
rods  extend  through  the  fiber  plates  f 

(19)  Why  are  front  rods  insulated. 

(20)  What  may  be  considered  the  simplest  means  to  prevent " 
current  from  passing  from  rail  to  rail  through  the  tie  plates  f 


^-r 


(21)  What  insulating  materials  are  usc^d  in  pipe  line  in-^| 
sulation  ?  ^^^ 

(22)  What  is  the  necessity  for  employing  series  resistance 
with  storage  batteries  when  used  on  track  circuits? 

(23)  Why  is  the'gravity  cell  generally  used  for  track  circuit 
work  ? 

(24)  Under  what  conditions  would  you  use  the  following 
type  of  battery  shelters:  (a)  Batterj'^  chutes,  (9  ft.)-  (6) 
Battery  boxes,     (c)     Battery  cupboard. 

(25)  How  is  trunking  secured  to  iron  battery  chutes? 

(26)  What  is  a  battery  elevator? 

(27)  What  is  the  purpose  of  the  frost  board? 

(28)  Why  is  it  necessary  to  protect  concrete  from  storage 
battery  solution? 

(29)  What  is  a  lightning  arrester? 

(30)  Explain  the  action  of  a  choke  coil. 
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(31)  Why  is  the  mica  fuse  better  than  the  fuse  shown  in 
Pig.  62? 

(32)  Why  is  coke  placed  around  the  ground  plate  shown  in 
Fig.  70 1 

(33)  How  are  the  connections  made  between  the  liexible 
wires,  which  are  attached  to  the  binding  posts  of*  a  relay  and 
the  solid  wires  leading  into  the  relay  box? 

(34)  From  what  kinds  of  material  are  terminal  board  bases 
made? 

(35)  What  kind  of  shelters  are  used  for  relays  placed  in 
buildings  ? 

(36)  What  is  the  object  of  placing  felt  or  rubber  gaskets 
on  relay  box  doors? 

(37)  What  is  trunking  used  for? 

(38)  Why  is  trunking,  for  use  in  buildings,  made  of  lighter 
material  than  that  used  in  outside  work? 

(39)  What  is  the  difference  between  grooved  and  built-up 
trunking  ? 

r40)     What  is  fiber  conduit? 
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NOBBSALLT   CLOSED   TRACK   CIBCUIT& 

107.  The  operation  of  the  normally  closed  track  circuit 
IS  outlined  in  Art.  1.  There  are  a  number  of  features  in  con- 
nection with  this  arrangement  which  will  now  be  considered 
in  greater  detail. 

Note. — There  are  two  reasons  for  the  designation  normally  closed, 
which  are  briefly,  as  follows:  First,  because,  in  operation,  the  battery 
is  always  on  closed  circuit,  either  through  the  relay  or  through  the 
wheels;  and  second,  because,  In  its  normal  position  (when  the  track 
is  not  occupied  by  a  train),  the  relay  is  closed. 


108,    It  will  be  observed  that  the  track  circuit  represented 
in  Figs.  82-83,  a  duplicate  of  that  shown  in  Fig.  1,  is  made 

A-\ 
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up  of  four  principal  elements  as  follows:  Isi.  A  source  of 
energy,  in  this  instance  a  cell  of  primary  battery.  2nd.  The 
running  rails  of  the  track,  etecirically  connected  by  rail  bonds 


Wc©^ 


hf 


X 


Figr.  8S 


to  insure  the  passage  of  current  from  one  rail  length  to  another, 
and  electrically  separated  by  insulated  rail  joints  from  the 
adjacent  rail  lengths,  at  the  ends  of  the  section,  to  prevent  the 
passage  of  current.    3rd,    A  relay*,  whose  coil  or  coils  are  so 


•As  noted  in  Art.  1  other  Instruments  than  relays  are  used,  although 
.rarely. 
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connected  as  to  form  part  of  the  circuit.  4th.  One  or  more 
pairs  of  wheels,  including  the  axle,  or  axles,  joining  them,  of 
any  car,  locomotive  or  train,  occupying  the  track  whose  rails 
form  part  of  the  circuit,  these  wheels  and  axles  making  good 
electrical  connection  from  one  rail  to  the  other. 

In  addition  to  these  four  principal  elements  there  are  two  other 
important  factors  which  ordinarily  enter  into  the  consideration 
of  the  track  circuit.  They  are :  1st,  A  resistance  in  series  with 
the  source  of  energy  (internal  resistance  of  the  battery,  or 
artificial  resistance  placed  in  series  with  it).  2nd.  The  con- 
ductivity of  the  ties  and  ballast. 

109.  It  is  apparent  that  the  limits  of  the  track  circuit  are 
determined  by  the  location  of  the  insulated  rail  joints.  If  the 
wheels  shown  in  Fig.  83  are  moved  to  a  position  beyond  the 
insulated  joints  (as  shown  dotted),  they  will  then  have  no  effect 
on  the  circuit. 

The  effect  of  the  wheels  is  practically  the  same  whether  they 
are  standing  still,  or  moving  in  either  direction.  If  the  normal 
direction  of  train  movement,  in  Fig.  88,  is  from  east  to  west, 
the  battery  is  said  to  be  feeding  against  traffic.  If,  on  the 
other  hand,  the  normal  direction  of  train  movement  is  from 
west  to  east,  the  battery  is  said  to  be  feeding  with  traffic. 

110.  Series  Resistance:  As  the  operation  of  the  normally 
closed  track  circuit  depends  upon  the  current  being  shunted 
out  of  the  relay  through  the  wheel  and  axles,  it  is  evident  that 
without  some  resistance  (either  internal  or  artificial)  other  than 
the  wiring,  in  series  with  the  battery,  there  would  be  practically 
nothing  to  limit  the  flow  of  current  when  the  track  ia  occupied, 
and  therefore  the  battery  would  in  most  cases,  rapidly  become 
exhausted.  Also  owing  to  the  large  current  flow,  the  relay  would 
probably  receive  enough  current  to  prevent  it  from  releasing. 

111.  Ballast  Resistance:  If  the  rails  were  well  insulated 
from  each  other,  in  other  words,  if  there  were  no  leakage  of 
curront  from  rail  A  to  rail  B,  Fig.  82,  through  the  ties  and 
ballast,  the  amount  of  current  flowing  through  the  relay*  when 

*That  Is,  througrh  the.cosVj  of  the  relay.  This  expression  wlU  be  so 
understood  througrhout  this  part. 
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the  track  is  unoccupied,  could  be  determined  at  once  by  ap- 
plying Ohm's  law.*  For  instance,  with  a  battery  having  an 
effective  E.  M.  F.  of  1  volt,  and  an  internal  resistance  of  1 
ohm,  (disregarding  the  resistance  of  the  rails  and  wiring)  the 
current  through  a  4-ohm  relay  would  be  calculated  as  follows: 

E  1 

Z  =  g^  or  /  =  YJr~d  ^^  -^^  amp.  or  2W  mil-amp..    Ans. 

In  practice,  however,  the  foregoing  condition  never  exists. 
An  additional  path,  as  indicated  by  dotted  lines  in  Fig.  82,  is 
formed  through  the  ballast,  a  certain  amount  of  the  current 
from  the  battery  passiug  through  it  instead  of  through  the  relay. 
The  resistance  of  this  path  is  a  variable  quantity,  governed 
principally  by  the  condition  of  the  track.  For  instance,  after 
a  period  of  hot  dry  weather  it  will  be  higher  than  after  a  long 
heavy  rain.  With  clean  rock  ballast,  well  clear  of  the  rails,  it 
will  be  higher  than  with  clay  or  cinder  ballast,  especially  if  the 
latter  is  allowed  to  come  into  contact  with  the  rails. 

Under  uniform  track  conditions  it  is  evident  that  this  ballast 
resistance  will  be  inversely  proportional  to  the  length  of  the 
track  circuit;  that  is,  if  it  is  10  ohms  per  1,000  ft.,  it  will  be 
5  ohms  per  2,000  ft.,  etc.  However,  in  practice,  this  rule  must 
not  be  followed  too  closely,  on  account  of  lack  of  uniform 
resistance  of  ordinarj'^  roadbeds..  If  this  resistance  is  allowed  to 
get  below  a  certain  point  it  will  take  so  much  of  the  current 
a.way  from  the  relay  that  the  latter  will  fail  to  pick  up  its 
armature  when  the  wheels  leave  the  circuit. 

112.  Calculations:  In  order  to  determine  the  effects  of 
various  conditions  upon  the  operation  of  the  track  circuit,  the 
rules  for  calculating  the  flow  of  current  in  multiple  circuits 
have  been  arranged  in  formulas,  as  follows : 

E  =  Effective  E.  M.  F.  of  battery,  in  volts. 

h   =  Internal  resistance  of  batteiy  plus  artificial  resistance 
in  series  with  same  (when  used**),  in  ohms. 

r   =  Resistance  of  relay,  in  ohms. 


*See  MavnetlMiu  and  Rlectririty. 

••As  before  noted,  with  certain  typos  of  batteries  the  use  of  artificial 
resistance  is  necessary. 
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n   =  Ballast  resistance,  in  ohms, 

s    =  Resistance  from  rail  to  rail  through  wheels  and  axles, 
in  ohms. 

I   =  Current  output  from  battery,  in  ayyvperes. 

i    =  Current  through  relay,  in  amperes. 

113.  The  resistance  of  the  rails*  and  also  that  of  the  wiring 
is  generally  so  small  that  it  may  he  neglected;  if,  however,  a 
considerable  length  of  wire  is  used,  the  resistance  of  that  between 
the  battery  and  the  rails,  should  be  added  in  as  a  part  of  6, 
and  that,  between  the  rails  and  relay,  as  a  part  of  r. 

When  calculations  are  being  made  for  long  track  circuits,  es- 
pecially where  the  bonding  is  not  in  the  best  of  condition,  it  may 
be  desirable  to  allow  for  the  difference  in  voltage  at  the  opposite 
ends  of  the  circuit,  due  to  the  resistance  of  the  rails*  and 
bonding. 

i 

114.  As  the  operation  of  the  relay  is  dependent  upon  the 
current  flowing  through  it,  the  formulas  have  been  arranged 
with  a  view  to  obtaining  this  value  (i),  under  various  conditions. 

To  find  the  current  output  from  the  battery  when  the  track 
is  unoccupied  the  following  formulas  are  used ; 

/  = ^ '  (1) 

nr 

To  find  the  current  passing  through  the  relay  when  the  track 
is  unoccupied; 

By  substituting  in  formula  (2)  the  value  of  /  given  in  for- 
mula (1),  we  obtain  the  formula; 

E 


hr' 

&  -f  r  -i- 


(3) 


n 


Formula  (2)  is  used  to  advantage  to  find  the  value  of  t,  when 


•The  resistance  of  a  30  ft.  steel  rail,  weighing  80  lbs.  to  the  yard.  Is 
less  than  .00042  ohms. 
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the  value  of  /  can  be  conveniently  obtained  by  measurement. 
Formula  (3)  is  employed  when  the  values  of  E  and  b  are  kno\Mi. 

116.  To  illustrate  the  uSe  of  these  formulas  the  following 
values  are  assumed: 

E  =  1  volt. 
6=1  ohm. 
r    =  4  ohms. 
n  =  10  ohms. 
It  is  also  assumed  that  the  4-ohm  relay  is  adjusted  to  pick  up 
at  65  mil-amperes  and  release  or  drop  away  at  30  mil-amperes. 
Using  these  values  in  formula  (1), 

/  =  —    io~x  4^^ -^^^^  amp.,   Ans,   . 

^  ^  10  +  4 

Therefore  the  current  output  from  the  battery  ^vhen  the  track 
is  unoccupied,  is  259.3  mil-amperes. 
Using  this  value  for  /  in  formula  (2), 

i  =  .2593  X  jq  774  =  .1852  amp.,    Ans, 

Therefore  the  current  passing  through  the  relay  when  the 
track  is  unoccupied,  is  185.2  mil-amperes. 

The  same  result  is  obtained  by  using  formula  (3),  as  follows; 

i=  ^^,^=.1852  amp.,    Ans. 

1  +  4+      io- 

Thus,  under  the  assumed  conditions,  the  relay  is  supplied 
with  current  above  its  pick-up  point,  and  therefore  its  armature 
is  raised,  against  the  front  contact  points,  as  shown  in  Fig.  82. 

116.  Pboblems. — In  the  foUowing  problems  It  is  assumed  that  the 
track  is  unoccupied, 

(1)  With  the  values  given  in  Art.  115,  with  the  exception  that  a 
9-ohm  relay  Is  used:  (o)  What  will  be  the  current  output  from  the 
battery?    (&)    What  current  will  pass  through  the  relay? 

(2)  If  the  current  output  from  the  battery  is  260  mil-amperes,  and 
the  ballast  resistance  15  ohms:  (a)  What  current  will  pass  through 
a  5-ohm  relay?    (&)    Through  a  3i-ohm  relay? 
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(3)  Aflsumlng  the  following  conditions:  Effective  E.  M.  F.  of  battery 
2  volts;  Internal  resistance  of  battery,  3  ohms;  resistance  of  relay, 
4  ohms;  ballast  resistance,  3  ohms:  (a)  What  is  the  current  output 
from  the  battery?    (b)    What  current  will  pass  through  the  relay? 

(4)  Assuming  that  a  4-voIt  storage  battery  is  employed,  the  in- 
ternal resistance  of  which  is  low  and  therefore  may  be  ignored:  How 
much  current  will  pass  through  a  12-ohm  relay,  with  the  artificial 
resistance  in  series  with  the  battery,  adjusted  to  8  ohms,  and  a  ballast 
resistance  of  40  ohms? 

Answebs. — (1)  (a)  174.3  mil-amp.  (b)  91.7  mil-amp.  (2)  (a)  195 
mil*amp.  (b)  211  mil-amp.  (3)  (a)  424.2  mil-amp.  (b)  181.8  mil-amp. 
(4)   178.6  mil-amp. 

117.  To  find  the  current  output  from  the  battery  when  the 
track  is  occupied  by  the  wheels  of  a  train  (Fig.  83),  the  fol- 
lowing formula  is  used; 

^   nr  -|-  rw  -f  r« 

To  find  the  current  passing  through  the  relay  when  the  track 
is  occupied; 

*f^  ^  nr  +  ns-i-ra'  ^^^ 

Substituting  in  formula  (5),  the  value  of  1  given  in  formula 
(4),  and  reducing; 

'■  = \-r-i-r  (6) 

^  +  '•+¥  +  1 

118.  To  illustrate  the  application  of  formulas  (4)  to  (6) 
inclusive  the  values  given  in  Art.  115,  are  assumed,  together 
with  the  following: 

s  =  .01  ohm. 

■ 

Su])stituting  these  values  in  formula  (4)  ; 
/=-  10X4X.01 =.9901  amp.,   Ahs. 

^  "^  (10  X  4)  +  (10  X  .01)  -r  (4  X  .01) 

Therefore  the  current  output  from  the  battery,  when  the 
track  is  occupied  is  990.1  mil-amperes. 


• 
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Using  this  valve  for  /  in  formula  (5), 
»  =  .9901  X  (10  x  4)  +  (S$M)  +  Wx  01)  =  -^^  *'°P'   ^*"- 

Therefore  the  current  passing  through  the  relay,  when  the 
track  is  occupied,  is  2.5  mil-amperes. 

The  same  result  is  obtained  by  using  formula  (6),  as  follows; 

i=  Y^—i — j-r^=.0025  amp.,    Ans, 

1  +  4  +  -^+-^ 

Thus,  under  the  assumed  conditions,  although  the  current  ia 
not  entirely  cut  off  from  the  relay,  by  tlie  presence  of  the 
wheels,  the  amount  which  continues  to  pass  through  the  coils, 
is  considerably  below  the  drop-away  point  of  the  relay;  con- 
sequently, its  armature  is  released  and  rests  against  the  book 
contact  point,  as  shown  in  Fig.  83. 

119.  Problems. — In  the  following  problems  It  is  assumed  that  the 
track  is  occupied  by  a  train. 

(1)  With  the  values  given  in  Arts.  115  and  118»  with  the  exception 
that  a  9-ohm  relay  is  used:  (a)  What  will  be  the  current  output  from 
the  battery?    (6)    What  current  will  pass  through  the  relay? 

(2)  Assuming  that  the  battery  consists  of  two  gravity  cells,  the 
effective  £.  M.  F.  of  which  is  1  volt  and  the  internal  resistance  of  each 
2.5  ohms,  connected  In  multiple:*  What  will  be  the  current  through 
a  4-ohm  relay,  when  the  ballast  resistance  measures  75  ohms  and  the 
shunt  formed  by  a  train  is  estimated  at  .03  ohms? 

(3)  The  current  output  of  a  certain  track  battery  measures  1,100 
mil-amperes:  Find  the  amount  of  current  passing  through  the  relay 
(resistance  5  ohms),  if  the  ballast  resistance  measures  18  ohms  and 
the  shunt  resistance  is  estimated  at  .05  ohm. 

Answebs.— (1)  (a)  990.1  mil-amp.  (h)  1.1  mil-amp.  (2)  5.8  mil- 
amp.    (3)    10.9  mil-amp. 

120.  The  assumed  values  used  in  the  foregoing  calculations, 
may  be  considered  as  typical  for  ordinary  conditions  found  in 
practice,  but,  as  already  stated,  there  is  a  wide  variation  in  these 
conditions. 


*See   Masnettam  and  Bleotrlclty  for  calculating   voltage   and   internal 
resl.stance  of  batteries. 
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When  making  calculations  for  any  particular  circuit,  its 
balldst  resistance,  should  be  determined  by  measurements  taken, 
either  on  the  track  under  consideration,  or  on  a  track  where 
the  conditions  are  as  near  the  same  as  possible. 

The  resistance  from  rail  to  rail,  through  the  wheels  and  axles, 
is  of  coimse  a  variable  quantity,  the  value  of  which  is  altered 
considerably  by  sand,  ice,  or  rust,  on  the  rails  or  wheels,  and 
also  by  the  weight  of  the  car  forming  the  shunt.  Car  wheels  that 
are  not  equipped  with  brake  shoes  are  considered  somewhat 
less  effective  in  shunting,  than  those  which  receive  brake  shoe 
wear. 

121.  On  account  of  leakage  that  occurs  through  the  ties  and 
ballast,  of  ordinary  track  circuits,  the  voltage  which  can  be 
satisfactorily  applied  to  the  rails,  is  limited;  the  amount  of 
energy  available  to  operate  any  instrument  connected  into  the 
circuit  being  approximately  that  required  to  actuate  a  relay 
armature. 


122.  Broken  Sail  Protection:  Incidental  to  the  operation 
of  the  track  circuit  is  its  ability  to  detect  broken  rails.  If  the 
rails  were  well  insulated  from  the  ties  and  ballast,  a  break  or 
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the  removal  of  a  rail  length,  for  instance  at  point  A,  Fig.  84, 
would  open  the  circuit  and  de-energize  the  relay,  as  shown. 
However,  as  explained  in  Art.  Ill,  the  insulation  between  the 
rails  and  ballast  is  seldom  very  good,  and  thus  a  path  is  provided 
through  the  ballast  as  shown  by  dotted  lines,  so  that  some 
current  continues  to  flow  through  the  relay,  the  amount  depend- 
ing upon  the  leakage  around  the  break.  Of  course,  in  any 
case  the  more  resistance  the  break  inserts  into  the  circuit,  the 
more  effective  it  ^vill  be  in  reducing  the  amount  of  current 
passing  through  the  relay. 
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In  many  instances  this  current  will  be  below  the  drop-away 
point  of  the  relay,  and  consequently  its  armature  will  be  down. 
In  other  instances  the  current  which  continues  to  flow  through 
the  relay,  may  be  above  the  pick-up  point  and  under  such 
conditions,  the  relay  will  continue  to  operate  as  usual,  the 
broken  rail  having  iw  effect  upon  it.  Again,  the  current  still 
passing  through  the  relay,  may  be  between  the  drop -away  and 
pick-up  points  and  in  such  instances  the  armature  will  remain 
raised  if  there  is  no  train  on  the  circuit,  but  if  shunted  the 
relay  will  not  again  pick-up. 

It  will  be  noted  that  the  tendency  of  a  broken  rail  to  de- 
energize  the  relay  will  be  practically  the  same  if  the  break 
occurs  in  either  rail,  anywhere  between  the  points  at  which  the 
battery  leads  B  and  C,  .and  relay  leads  D  and  E,  are  attached 
to  them.  It  is  therefore  apparent  that  these  leads  must  be  con- 
nected to  the  rail  at  the  extreme  ends  of  the  circuit,  keeping 
as  much  rail  as  possible  in  series  with  the  battery  and  relay. 
The  effect  of  placing  either  the  battery  or  the  relay  at  some 
distance  from  the  end  of  the  circuit,  thus  connecting  part  of 
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the  track  in  multiple,  is  illustrated  in  Fig.  85.  It  will  be  ob- 
served that  with  a  break  in  the  rail  or  poor  bonding  at  point 
B,  the  relay  will  not  only  fail  to  indicate  this  fact  when  the 
track  is  unoccupied,  but  will  probably  fail  to  indicate  the 
presence  of  wheels  at  any  point  between  the  break  and  joints  C. 

There  is  a  possibility  of  a  rail  breaking  close  to,  or  within 
a  joint,  between  the  bond  connections  and  the  end  of  the  rail. 
If  such  a  break  should  occur,  the  current  would  pass  around 
it  through  the  bond  wires  and  continue  to  energize  the  relay. 

Thus  it  will  be  seen  that  the  usefulness  of  the  track  circuit  for 
detecting  broken  rails,  or  the  removal  of  a  portion  of  the  rails, 
is  limited  and  cannot  be  considered  either  complete  or  reliable 
under  all  circumstances.* 


•Broken  rail  protection  is  further  treated  in  Arts.  154  and  167. 


58  D.  C.  TRACK  CIRCUITS 

123.  Function:  From  the  foregoing  it  is  apparent  that 
when  a  track  circuit  is  operating  properly,  the  relay  indicatei 
by  the  position  of  its  armature,  whether  or  not  the  section  of 
track,  included  within  the  limits  of  the  circuit  is  occupied  by 
a  car  or  train. 

It  is  evident  that  any  circuit,  controlled  through  a  front 
contact  on  the  relay  will  be  closed  when  the  track  is  unoccupied, 
and  open  when  occupied,  and,  inversely,  any  circuit  controlled 
through  a  back  contact,  will  be  open  when  the  track  is  unoccu- 
pied, and  closed  when  the  track  is  occupied. 

Therefore  it  may  be  said  that  the  function  of  the  track  circuit 
is  to  provide  a  means  for  the  antmimtie  cmiirol  of  signal  devices. 

124.  Defective  Conditions:  It  will  be  noted  that,  in  this 
type  of  track  circuit,  defective  conditions,  such  as  battery  fail- 
ures (from  broken  jars  or  otherwise),  disconnected  or  broken 
^ares,  poor  connections  in  wiring,  crossed  wires  on  account  of 
defective  insulation,  broken  rails,  defective  bonding  or  excessive- 
ly low  ballast  resistance,  tend  to  produce  the  same  effect  upon 
the  relay  as  the  presence  of  a  train.  As  this  indication  causes 
those  concerned  to  suppose  that  a  train  is  present,  such  failures 
are  evidently  on  the  side  of  safety. 


125.  Single  Rail  Track  Circuits:  In  the  track  circuits 
illustrated  in  Figs.  82-84,  four  insulated  rail  joints  are  used; 
that  is,  hoth  rails  are  insulated  at  each  end  of  the  circuit.  This 
arrangement  is  sometimes  called  a  double  rail  track  circuit. 
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It  will  be  observed  that  in  Fig.  86,  whore  only  one  rail  is 
insulated,  the  relay  will  be  operated  by  the  wheels  of  a  train, 
the  same  as  described  in  connection  with  Fig.  83.  In  other 
words,  if  only  one  rail  of  a  track  circuit  is  insulated,  the  relay 
will  indicate  the  presence  of  a  train  in  the  same  manner  as  if 
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both  rails  were  insulated.     Such  an  arrangement  is  known  as 
a  single  rail  track  cirenit. 

The  rail  in  which  there  are  no  insulated  joints,  is  generally 
termed  the  common  raUy  as  it  is  frequently  used  as  a  conductor 
for  other  circuits.  In  the  single  rail  track  circuit  shown  in 
Fig.  87,  it  will  be  noted  that  the  common  rail  is  electrically 
connected  to  rails  A  and  B.  In  this  manner  the  common  rail 
and  the  rails  connected  to  it  often  cover  considerable  area  and 
therefore  tend  to  act  as  a  good  ground.  Thus  a  ballast  resis- 
tance somewhat  lower  than  in  a  double  rail  circuit  is  likely 
to  result. 

126.  If  in  the  single  rail  track  circuit  illustrated  in  Fig.  87, 
a  break  should  occur  in  the  common  rail  as  shown  at  point 


C,  it  would  be  possible  for  enough  current  to  pass  around  the 
break,  as  indicated  by  arrows,  to  still  energize  the  relay.  Thus 
single  rail  track  circuits  are  not  as  efficient  in  detecting  broken 
rails  as  double  rail  circuits*. 

127.  If  the  insulation  should  break  down  in  insulated  joint 
A,  Fig.  86,  it  is  apparent  that  the  current  from  the  battery 
would  pass  through  wheels  B  and  would  thiJs  be  shunted  out 
of  the  relay  improperly;  whereas,  if  both  rails  were  insulated, 
a  breakdown  in  two  joints  would  be  necessary  to  cause  such 
a  failure. 

SOUBOE  OF  ENERGY 

128.  Primary  Batteries:  When  primary  batteries  are  used 
as  a  source  of  energy  for  track  circuits,  their  voltage  and  in- 


♦See  Art.  417  fr)r  other  effects  of  broken  rails. 
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ternal  resistance  are  regulated  by  the  arrangement  of  the  cells. 
Of  course  by  connecting  the  cells  in  series  the  voltage  and 
internal  resistance  are  increased,  whereas,  by  connectijig  them 
in  multiple,  the  voltage  remains  the  same  and  the  internal 
resistance  is  decreased.  Thus,  to  secure  the  best  arrangements 
for  various  conditions  occurring  in  track  circuits,  the  values  E 
and  h,  Art.  112,  may  be  varied  to  a  certain  extent. 

129.  With  gravity  batteries,  the  arrangements  of  cells  shown 
in  Fig.  88  represent  various  combinations  used  to  accomplish 
this  purpose. 

For  short  circuits  where  the  ballast  resistance  is  high,  one 
cell,  as  shown  at  A,  is  sometimes  used,  but  this  arrangement 
is  somewhat  objectionable  in  that  it  will  become  inoperative  if 
the  jar  is  broken. 
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To  overcome  this  objection,  it  is  customary  to  use  two  or 
more  cells  connected  in  multiple,  so  that  if  one  jar  is  broken, 
the  remainder  of  the  battery  will  maintain  a  working  voltage 
until  the  deranged  cell  can  be  repaired. 


130.  With  arrangement  B  this  protection  is  provided  except, 
of  course,  where,  on  account  of  the  additional  current  available, 
this  arrangement  is  used  on  track  circuits  of  lower  ballast  resis- 
tance, than  could  be  operated  by  one  cell.    In  the  latter  instance 
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arrangement  C  may  be  used,  if  it  Js  desired  to  guard  against 
failure  on  account  of  a  broken  jar. 

131.  When  it  is  desired  to  use  a  higher  voltage  than  is 
furnished  by  arrangements  A,  B  or  C,  arrangement  1)  may  be 
used.  Of  course  with  this  arrangement  the  internal  resistance 
of  the  battery  is  also  increased  and  broken  jar  protection  is  not 
provided. 

.  132.  Arrangement  E  produces  the  same  voltage  as  arrange- 
ment D,  but  the  internal  resistance  is  lower.  These  cells  do  not 
exhaust  uniformly,  and  therefore  require  somewhat  closer  at- 
tention. It  is  also  possible  for  a  broken  jar  (that  is.  in  the 
cell  connected  in  series)  to  cause  a  failure  of  the  battery. 

133.  ArrangiMiient  F  is  frequently  us(»d  on  long  track  cir- 
cuits, with  good  results. 

Arrangement  G  and  11  are  modifications  of  arrangement 
F.  The  results  electrically  arc  the  same  in  all  three  ciises,  but 
in  G  and  H,  Ix^tter  service  is  rendered  in  case  of  a  broken  jar 
or  a  broken  wire.  If  a  jar  should  break  in  arrangement  F  the 
battery  would  be  reduced  to  arrangement  D,  whereas,  with  G 
and  H,  the  same  occurrence  would  result  in  arrangement  E. 
A  break  in  the  single  wire  connecting  the  two  sets  of  cells, 
arrangement  G,  which  would  put  the  entire  battery  out  of 
service,  could  not  happen  with  either  F  or  II.  The  wiring  for 
II  when  placed  in  a  battery  chute  is,  however,  somewhat  com- 
plicated. 

134.  Arrangements  J  and  K  are  seldom  used  except  in  ex- 
treme cases  where  the  circuits  are  long  and  the  ballast  resistance 
is  very  low,  such  as  in  tunnels,  etc.  The  »ix  cells  shown  in 
arrangement  K  may  be  considered  the  maximum  gravity  battery 
which  it  is  customary  to  apply  to  ordinary  track  circuit  work. 
In  arranging  these  groups  the  connections  may  be  varied  in  the 
same  manner  as  with  arrangement  F,  in  G  and  H. 

136.  To  calculate  the  current  passing  through  the  relay, 
when  the  track  is  unoccupied,  for  any  of  these  battery  arrange- 
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ments,  formula  (3)  is  used.  For  instance,  with  two  cells  of 
battery,  each  having  an  effective  E.  M.  F.  of  1  volt  and  an 
internal  resistance  of  2  ohms,  arranged  as  shown  at  B,  and  a 
ballast  resistance  of  .8  ohm,  the  formula  for  finding  the  current 
through  a  4-ohm  relay  would  read; 

*^^ Txl^^'^^  amp.,  or  100  mil-amp.,    Ans. 

1  +  4  +  -8- 

If  the  same  two  cells  were  arranged  as  shown  at  D  the  for- 
mula would  read; 

2 

^         *  = 4~y~4  "^  -^714  amp.,  or  71.4  mil-amp.,    Aits, 

136.  By  using  this  formula,  the  curves  shown  in  Figs.  89-92 
have  been  plotted  for  use  with  normally  dosed  track  circuits. 
The  effective  E.  M.  F.  of  one  cell  is  taken  as  1  volt,  and  the 
internal,  resistance  of  same,  3  ohms.  By  thus  assuming  a  com- 
paratively low  voltage  and  the  maximum  internal  resistance 
that  is  likely  to  occur,  as  a  basis  of  calculation,  it  is  apparent 
that  the  curves  represent  the  minimum  current  that  will  pass 
through  the  relay.  On  this  account  readings  taken  in  practice 
will  usually  be  somewhat  higher  than  indicated  by  the  charts. 
The  resistance  of  the  rails  and  wiring  has  been  disregarded. 
The  ballast  resistance  is  shown  at  the  bottom  of  the  charts,  and 
the  current  passing  through  the  relay  at  the  side.  Each  curve 
is  lettered  to  correspond  with  the  battery  arrangement  which 
it  represents. 

If  it  is  desired  to  find  how  much  current  will  pass  through 
a  4-ohm  relay,  with  battery  arrangement  D,  when  the  ballast 
resistance  is  2.4  ohms;  the  vertical  line  from  2.4  at  the  bottom 
of  Fig.  90,  is  followed  upward  until  it  intersects  curve  D ;  the 
horizontal  line  from  this  point  is  then  followed  to  the  left  of 
the  chart,  where  it  is  found  to  be  marked  100.  Therefore  a 
current  of  100  mil-amperes  will  pass  through  the  relay. 

The  four  charts  shown,  cover  the  ordinary  resistances  used 
in  track  relays.  The  curves  are  carried  just  above  their  working 
points,  which  is  that  point  at  which  the  relays  ordinarily  operate 
in  good  weather.    The  working  point  is  high  enough  above  the 
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pick-up  point  of  the  relay,  to  insure  its  proper  operation  under 
the  most  unfavorable  weather  conditiona.  For  instance,  the 
working  point  of  a  l-ohin  relay  is  115  mit-ainpei'es,  and  the 
pick-up  point  65  mil -amperes,  thus  allowing  a  drop  of  50  mil- 
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smpereg,  which  is  considered  more  than  will  be  produced  hy 
the  most  adverse  weather  conditions. 

The  charts  are  constructed  to  aid  in  determining  the  battery 
arrangements  required  for  various  tracli  circuits. 
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The  tabk-s.  in  Pigs.  89-92,  markcf)  maximum  ciirrtiit  through 
■rlay  show  the  current  that  would  pass  through  the  relay,  if 
hiTf  Hpn-  itn  leakage  of  eurrfnt  through  the  ties  and  ballast. 


The  pick-up,  drop-away  and  workiiiy  iwiiils  given,  represent 
(■otiiinon  practice,  although  these  values  difEer  to  some  extent, 
in   relays  of  various  designs. 
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137.  Pboblbmb. — In  the  following  problems  the  values  for  a  single 
cell  are  effective  B.  M.  F.,  1  volt,  and  internal  resistance,  3  ohms. 

(1)  In  considering  the  installation  of  a  certain  track  circuit,  its 
iHillast  resistance  is  found  to  measure  1.2  ohms,  (a)  Using  formula 
(3),  find  what  current  will  pass  through  a  4-ohm  relay  with  battery 
arrangement^ B?    (&)    What  with  arrangement  F? 

(2)  The  ballast  resistance  of  a  certain  track  averages  8.4  ohms  per 
1.000  ft.  (a)  Using  formula  (3),  find  the  current  passing  through  a 
^-ohm  relay,  with  battery  arrangement  B.  installed  on  a  3,000  ft.  track 
circuit?    (6)    What  with  battery  arrangement  C? 

Check  the  results  obtained  in  the  foregoing  problems,  by  the  charts. 

Answebb.— (1)  (a)  95.2  mil-amp.  (h)  117.6  mil-amp.  (2)  (a) 
65.3  mil-amp.    (&)  75.7  mil-amp. 

138.  Among  other  types  of  closed  circuit  primary  batteries 
which  are  used  on  track  circuits,  are  caustic  soda  and  caustic 
potash  cells. 

As  the  internal  resistance  of  these  cells  is  very  low,  sometimes 
not  more  than  .025  ohm,  the  large  amount  of  current  that  would 
flow,  if  they  were  allowed  to  be  short-circuited  by  a  train,  would 
rapidly  exhaust  them.     Therefore  it  is  desirable  to  connect  an 
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_        adjustaile   resistance    (Arts.   49   and   53)    as 

_        shown  in  Fig.  93,  in  series  with  them  which 

limits  the  flow  of  current.    The  resistance  may 

be   placed  in   either  the  positive  or  negative 

lead  from  the  battery. 

The  efl^ective  E.  M.  F.  of  this  type  of  bat- 
Ki«.  03  tery   is  lower  than  that   of  the  gravity   cell 

which,  together  with  their  low  internal  resistance,  permits  more 
<3ells  to  be  placed  in  series  with  good  results.  Also  on  account 
of  their  low  internal  resistance,  there  is  not  as  much  increase 
in  current  to  be  obtained  by  connecting  them  in  multiple  as  with 
gravity  cells.  These  cells  require  comparatively  little  handling, 
when  in  service,  and  thus  broken  jar  protection  is  not  a  very 
important  factor. 

139.  Storage  Batteries:  The  storage  battery  is  well 
adapted  to  meet  the  reciuirements  of  track  circuits.  The  voltage 
-of  a  single  cell  is  much  higher  than  that  of  the  types  of  primary 
batteries  commonly  used  for  this  purpose,  and  is  fairly  constant. 
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for  although  the  range  between  the  maximum  and  minimum 
voltage  is  wide,  the  actual  variation  in  service  may  easily  be 
kept  within  a  very  small  range.  This  is  accomplished  by  pro- 
viding cells  of  such  a  size  that,  with  the  ordinary-  frequency  of 
charging,  they  are  never  required  to  give  more  than  a  small 
percentage  of  their  actual  ampere-hour  capacity.  This  arrange- 
ment, on  account  of  the  low  rate  of  discharge,  produces  a  battery 
of  high  capacity  and  efficiency,  and  also  furnishes  a  large 
amount  of  reserve  energy  which  is  always  available  in  case  of 
emergency,  such  as  failure  of  charging  apparatus,  etc. 

As  the  internal  resistance  of  the  storage  cell  is  extremely 
low,  it  is  always  necessary  to  use  artificial  resistance,*  which  is 
an  advantage,  in  that  it  is  free  from  the  variations  occurring  in 
the  internal  resistance  of  primary  cells,  and  furthermore  it  can 
be  adjusted  to  the  requirements  of  each  circuit. 

140.  Ordinary  practice  followed  in  the  use  of  storage  bat- 
teries on  track  circuits  may  be  divided  into  two  general  methods, 
as  follows:  first,  where  a  separate  battery  is  provided  for  each 
circuit,  and  second,  where  one  battery  supplies  current  to  a 
number  of  circuits. 

141.  The  first  method  resembles  in  many  respects  the  arrange- 
ments already  described  for  primary  batteries.     The  resistance 

P  may  all  be  placed  in  one  lead  as 
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illustrated  in  Fig.  94,  but  it  is 
often  divided  part  being  placed 
in  each  lead  as  shown  in  Fig. 
95.  The  object  of  this  latter  ar- 


fi/*V  rangement    is    to    protect    the 

Fi«.  fMi  battery    in    case    one    of    the  pi*,  w 

resistances  should  become  bridged  **  or  if  one  side  should  be- 
come grounded  close  to  the  battery  terminal.  For  instance,  the 
wiring  shown  in  Fig.  94  might  become  grounded  at  point  A, 
and  as  the  rails  form  (juite  a  j?(K)d  ground  in  wet  weather,  the 
large  amount  of  current  which  would  flow  through  the  paths 
indicated  by  the  dotted  lines,  might  result  in  quickly  exliausting 


♦For  effect   of  short  circuit   on    storage   batteries   see   Magraetlain  and 
Electricity. 

•♦Shunted. 
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the  batti'ry,  or  injuring  it  hy  a  liiijh  rate  of  diRphai^'.  The 
eombinod  resistance  of  these  paths  would  be  still  lower  during 
the  presence  of  a  train  on  the  circuit.  On  the  other  hand,  if 
the  wiring  shown  in  Fig.  95  should  become  grounded  near 
either  terminal  of  the  battery,  the  reaistanee  in  the  other  lead 
would  still  be  effective  to  pn'vent  a  short  circuit, 

As  the  average  effeetivc  E.  M.  F.  of  a  storage  cell  is  about 
2  volts,  they  are  seldom  connected  in  s'rics,  for  use  on  a  single 
circuit,  but  two  cells  may  be  connoted  in  multiple  if  it  is  de- 
sired to  guard  against  failure  on  account  of  a  broken  jar,  in 
which  case  smaller  size  cells  may  be  used.  However,  as  the 
eeiis  are  .siibjeet  to  very  little  handling,  broken  jar  protection 
is  considered  an  unimportant  factor. 

1^.  The  second  method  is  used  when  there  are  a  number 
of  track  circuits  so  situated  that  they  may  be  supplied  from 
the  same  point.  Such  instances  occur  at  interlocking  plants, 
where  a  number  of  short  track  circuits  are  often  required. 

143.  One  arrangement  for  such  circuits  is  shown  in  Fig.  96, 
in  which  single  rail  track  circuits  are  used.     The  adjustable 

resistances   are   inserted  in   the 
leads  between  the  main  battery 
wire  and  the  insulated  rail  of 
each  circuit.     The  common  rail  ' 
of   all   circuits   is  connected  to 
the  other   main  lead   from   the 
battery.    It  is  customary  in  such 
installations  to  place  two  fuses, 
one  in  eaeh  main  battery  wire  as 
shown,  to  protect  the  battery  in 
case  of  a  short  circuit  or  a  ground,  in  the  wiring.    In  this  con- 
nection it  should  be  noted  that  the  blowing  of  a  fuse  will  put 
all  circuits  out  of  service,  and  that  on  account  of  the  larger 
territory  covered  by  the  common  rail,  a  ground  at  point  B,  is 
likely  to  have  a  greater  short  circuiting  eftect  than   with  the 
arrangement  shown  in  Fig.  94. 

144.  In  order  to  guard  against  such  failures  the  arrangement 
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shown  in  Pig  97  is  frequently  used.     With  this  arrangement 
double  rail  track  circuits     ^_ 

are   employed   and   ad-     

justable  resistances  are 
placed  in  each  of  the  """ 
leads  from  the  main  bat-  "^ 
tery  wires  to  the  track. 
Thus  the  advantages 
described  in  connection 
with  Fig.  95  are  secured. 
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146.  The  employment  of  storage  batteries  to  feed  a  number 
of  track  circuits  in  multiple  is  limited  to  circuits  under  1,000 
ft.  in  length,  owing  to  the  probability  of  trouble  from  foreign 
currents.*  On  circuits  of  greater  length,  it  is  considered  desir- 
able to  provide  a  separate  source  of  energy  for  each  circuit. 

146.  On  account  of  the  low  internal  resistance  of  storage 
cells  and  consequently  the  comparatively  high  current  output 
available,  07ie  cell  (80  ampere-hour)  can  be  used  to  advantage 
to  feed  two  or  three  track  circuits.  In  such  cases  two  ohms 
resistance  would  be  inserted  in  each  circuit,**  (one  ohm  in  each 
lead).  Where  a  larger  number  of  circuits  are  to  be  supplied 
from  the  same  battery,  it  is  customary  to  place  two  or  more 
cells  in  series,  thus  providing  a  higher  voltage,  which  neces- 
sitates an  increase  in  the  artificial  resistance. 


147.  A  distinctive  gain  in  effective  shunting  is  provided  with 
the  high  voltage,  high  resistance,  arrangement;  that  is,  the 
possibility  of  sufficient  current  still  passing  through  the  relay 
to  hold  up  its  armature,  on  account  of  poor  coniact  between  the 
wheels  and  rails,  is  greatly  reduced. 
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•See  Art.  484. 

♦♦Disregrardlng  the  internal  renistance  nf  the  storage  cell,  this  arrange- 
ment corresponds  to  that  repre.sonted  by  curve  K,  Figs.  89-92. 
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This  is  illustrated  by  Pigs.  98-99  in  which  Pig.  98  shows  a 
track  circuit  operated  by  an  eflfective  E.  M.  P.  of  1  volt,  through 
a  resistance  (either  internal  or  artificial)  of  1  ohm,  and  Pig. 
99,  a  track  circuit  operated  by  an  effective  E.  M.  P.  of  12  volts, 
through  a  resistance  of  42  ohms.     In  each  of  the  circuits,  a 
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5-ohm  relay  (pick-up  point  55  mil-amperes  and  drop-away  point 
25  mil-amperes)  is  used,  and  the  ballast  resistance  is  assumed 
to  be  6  ohms.  . 

148.  When  the  track  is  unoccupied,  as  shown  by  sketches  A, 
it  will  be  noted  that  the  current  output  from  both  batteries  is 
the  same,  and  consequently  the  current  through  the  relays  is 
the.  same ;  that  is,  the  current  output  is  268.3  mil-amperes  and 
the  current  through  the  relays  146.3  mil-amperes. 

Sketches  B  show  the  same  circuits,  the  track  being  occupied 
by  wheels,  which,  it  is  assumed,  make  an  unusually  poor  contact 
with  the  rails,  the  resistance  from  rail  to  rail  through  them, 
bedng  .48  ohm. 

149.  The  following  are  calculations  of  the  resistances,  current 
output  from  the  batteries,  and  current  through  the  relays,  when 
the  track  is  unoccupied  and  occupied. 

Resistance  calculations  tot  Figs.  98-99. 


Fig.  98-A 

2.727  ohms  =  joint  resistance  of  ballast  and  relay. 
1.0      ohm    =  artificial  or  internal  resistance  at  battery. 


3.727  ohms  =  total     resistance    of    circuit    with    track 

unoccupied. 
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Tig.  98-B 

.408  ohms  ^=^  joint  resistance  of  ballast,  relay  and  shunt 

(wheels). 
1.0      ohm    =  artificial  or  internal  resistance  at  battery. 

1.408  ohms  ^  total    resistance    of    circuit    with    track 

occupied. 

Fig.  99.A 

2.727  ohms  =  joint  resistance  of  ballast  and  relay. 
42.0      ohms  =  artificial  or  internal  resistance  at  battery. 


44.727  ohms  =  total     resistance     of    circuit    with     track 
•  unoccupied. 

Fig.  99.B 

.408  ohms  ^=  joint  resistance  of  ballast,  relay  and  shunt. 
42.0      ohms  =  artificial  or  internal  resistance  at  battery. 


42.408  ohms  =  total     resistance    of    circuit     with     track 

occupied. 

150.  It  will  be  noted  that  the  ratio  between  the  total  resis- 
tances in  sketches  A  and  B,  Fig.  98.  is  much  greater  than  be- 
tween the  total  resistances  in  sketches  A  and  B,  Fig.  99.  In 
other  words,  the  presence  on  the  track  circuit  of  wheels  making 
poor  contact,  causes  the  total  resistance  in  Fig.  98  to  vary  in 
the  ratio  of  1.408  to  3.727,  whereas  in  Fig.  99,  the  total  resis- 
tance varies  in  the  ratio  of  42.408  to  44.727. 

151.  The  following  current  calculations  indicate  the  effect  of 
these  resistance  variations,  on  the  current  output  from  the  bat- 
teries and  the  current  through  the  relays. 

Current  calculations  for  Figs.  98-99. 

Tsing  Ohm's  Law  in  which  /  =  current  output  from  battery, 
E  =  effective  E.  M.  F.,  and  B  =  total  resistance  of  circuit,  to 
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find  current  output  from  battery;  and  formulas  (3)  and  (6) 
to  find  current  through  relay,  we  obtain, 


Current  output  from  battery. 

Current 

throuffh 

relay. 

Flg.M-A 

/  = 

E 

''  R 

=  2-=2;^=.2683  amp.  or  268.3  mil-amp., 

Ana, 

146.3  mil-amp. 

Fig.M-B  /  = 

E 
R 

=  t-Taq  — .7102  amp.  or  710.2  mil-amp., 

Ana. 

58    mil-amp. 

Fig.e9-A 

/  = 

E 
R' 

12 
=  44727  "^SSS  amp.  or  268.3  mil-amp.. 

Ans. 

146.3  mil-amp. 

Fig.  09-6 

/  = 

E 
R~ 

12 
^42l08 — '^^^   amp.  or  283     mil-amp.. 

Ana. 

23.1  mil-amp. 

162.  With  the  1  volt  battery,  the  current,  58  mil-amperes, 
flowing  through  the  relay,  after  the  car  wheels  have  passed 
onto  the  circuit,  is  not  only  above  the  drop-away  point,  conse- 
quently holding  the  armature  up,  but  also  above  the  pick-up 
point,  so  that  if  the  relay  should  be  disconnected,  thus  causing 
the  armature  to  drop,  and  then  be  again  connected,  the  armature 
would  pick-up.  Thus  on  account  of  the  exceptionally  high 
resistance  of  the  path  through  the  wheels,  the  relay  gives  a  false 
indication  that  the  track  is  unoccupied. 

On  the  other  hand,  with  the  12  volt  battery,  the  current  23.1 
mil-amperes,  flowing  through  the  relay,  after  the  car  wheels 
have  passed  onto  the  circuit,  is  belotr  the  drop-away  point,  and 
consequently  the  armature  drops,  thus  giving  the  proper 
indication. 


163.  It  should  be  noted  that  considerably  more  energy  is 
consumed  with  the  high  voltage  arrangement ;  for  instance,  when 
the  track  is  unoccupied  the  watt  output  from  the  battery  in  Pig. 
98-A,  \si  W  =  E  X  I  or  W  =  1  X  .268  =  .268  watt ;  whereas, 
with  Fig.  99- A  the  watt  output  is  W  =  E  X  I  or  W  =  ^2 
X  .268  =  3.216  watts,  which  is  just  12  times  as  much  energy' 
expended  as  with  the  low  voltage  arrangement.  When  the 
battery  is  shunted  by  a  pair  of  wheels  making  good  contact 
with  the   rails,   the  high  voltage  battery  still  consumes   3   to 
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4  times  as  much  energy  as  the  low  voltage  battery.  How- 
ever, this  diflference  in  consumption  of  energy  is  not  a  very 
important  factor,  as  with  any  arrangement,  a  comparatively 
small  amount  of  energy  is  consumed.  Also,  as  the  artificial 
r^istance  in  the  high  voltage  arrangement,  constitutes  the 
greater  part  of  the  total  resistance  of  the  circuit,  there  is  some 
advantage  gained^  in  that  there  is  less  variation  in  the  current 
output  from  the  battery;  that  is,  the  presence  of  a  train  does 
not  cause  as  great  a  percentage  of  increase  in  the  current  output^ 
that  it  does  with  the  low  voltage  arrangement. 

154.  While  the  raising  of  the  battery  voltage  and  artificial 
resistance  tends  to  produce  a  safer  condition  as  regards  the 
shunting  of  the  relay,  it  produces  the  opposite  effect  upon  the 
efilciency  of  the  track  circuit  in  detecting  broken  rails.  For 
example,  in  Figs.  98-99,  if  the  ballast  resistance  should  be 
increased  to  such  an  extent  that  it  approached  perfect  insulation, 
and  could  thus  be  omitted  from  the  calculations,  the  current 
through  the  relay,  with  the  1-volt  arrangement,  when  the  track 
is  unoccupied,  would  be  166.7  mil-amperes,  and  with  the  12- volt 
arrangement,  255.3  mil-amperes.  If  now  a  resistance  of  78  ohms 
should  be  inserted  as  the  result  of  a  broken  rail,  the  current 
through  the  relay  with  the  1-volt  arrangement  would  be  11.9 
mil-amperes,  while  with  the  12-volt  arrangement  it  would  be 
96  mil-amperes.  While  the  presence  of  the  path  through  the  ties 
and  ballast  serves  to  modify  these  figures  considerably,  still  the 
tendency  toward  failure  to  detect  a  broken  rail  is  always  greater 
with  the  higher  voltage  arrangement. 

155.  To  accomplish  the  best  results  both  in  economy  of 
operation  and  safety  in  shunting,  after  the  voltage  of  the 
battery  has  been  determined,  the  artificial  resistance  should  be 
adjusted  as  high  as  possible.  To  do  this,  the  ballast  resistance 
must  be  measured,  or  estimated,  under  the  most  unfavorable 
conditions  that  are  likely  to  occur  in  operation  (maximum 
leakage  from  rail  to  rail).  Using  the  figure  thus  obtained  as  the 
value  of  n,  formula  (3)  may  be  used,  arranged  as  follows; 

,         En  —  inr  ,«. 

6  =  -; — r-^— .  (7) 

m  +  tr  ^   ' 
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In  this  case,  i  represents  the  pick-up  current  of  the  relay 
plus  any  percentage  that  it  may  be  desired  to  allow  as  a  working 
margin,  to  insure  the  proper  operation  of  the  relay. 

Now  assuming,  for  example,  that  the  battery  is  arranged  to 
give  an  effective  E.  M.  F.  of  8  volts,  that  the  minimum  ballast 
resistance  is  estimated  to  be  .7  ohm,  and  that  a  9-ohm  relay  is 
used,  whose  pick-up  current  is  40  mil-amperes,  above  which  a 
working  margin  of  10%  is  to  be  allowed,  the  formula  will  read; 

,         (8  X  .7)  — (.044  X  .7  X  9)        ^ok     u  a 

^=  (.044  X. 7) +  (.044X9)   =  12-5  ohms,   Ans. 

Therefore,  under  the  given  conditions,  a  resistance  of  12.5 
ohms  would  insure  a  flow  of  current  through  the  relay,  10% 
above  its  pick-up  point,  with  the  most  unfavorable  ballast 
resistance. 

166.  Problem. — On  a  certain  track  circuit  the  minimum  ballast 
resistance  is  estimated  to  be  .8  ohm.  What  artificial  resistance  will 
it  be  necessary  to  insert  in  series  with  a  10-volt  storage  battery,  to 
insure  a  20%  working  margin  for  a  12-ohm  relay,  having  a  pick-up 
point  of  36  mil-amperes? 

Answer. — 13.7  ohms. 

157.  Another  reason  for  keeping  the  artificial  resistance  as 
high  as  circumstances  will  permit,  is  to  prevent  a  large  amount 
of  current  flowing  through  the  relay  when  the  ballast  resistance 
is  high.  A  large  amount  of  current  through  the  coils  of  the 
relay  tends  to  increase  the  residual  magnetism  in  the  cores  of 
the  relay,  and  thus  lower  its  drop-away  point. 

168.  In  some  cases  it  is  convenient  to  use  current  for  track 
circuits,  from  a  battery  which  is  also  used  on  other  circuits.  A 
storage  battery  of  20  volts  or  less  is  often  available  especially 
at  power  interlocking  plants,  and  with  suitable  resistance  (some- 
times as  high  as  140  ohms)  in  each  circuit,  may  be  used  to  supply 
20  or  30  short  track  circuits.  By  so  doing  the  arrangements  for 
charging  the  cells  is  much  .less  complicated  than  could  be  pro- 
vided in  any  other  way;  and,  of  course,  this  arrangement  is 
very  favorable  to  the  effective  shunting  of  the  relay  in  case  of 
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poor  wheel  contact.    Either  single  or  double  rail  circuits  may 
be  used  in  such  cases. 

159.  The  artificial  resistances  used  when  the  same  battery 
supplies  current  to  both  track  and  line  circuits,  are  sometimes 
made  in  the  form  of  coils  having  soft  iron  cores,  as  mentioned  in 
Art.  54.  These  are  designed  to  act  as  choke  coils  to  prevent  the 
passage  of  lightning  discharges  between  the  track  and  the  line 
circuits. 

160.  Generators:  Where  current  from  a  generator  is  avail- 
able, it  may  be  applied  directly  to  the  track,  and  when  thus 
arranged  makes  a  very  satisfactory  source  of  energy.  With 
suitable  regulating  apparatus,  the  voltage  may  be  maintained 
practically  constant,  or  altered  as  desired,  to  meet  variations  in 
ballast  resistance. 


161.  Pig.  100  illustrates  such  an  arrangement,  using  single 
rail  track  circuits,  this  being  designed  for  an  electrified  road 
(Boston  Elevated  Ry.)  where  the  common  rail  acts  as  a  return 
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for  both  the  track  circuits  and  the  propulsion  current.  As 
indicated,  one  terminal  of  the  generator  is  connected  to  the 
main  feed  wire  for  the  signal  system  and  the  other  to  the 
common  rail.  The  adjustable  resistance,  placed  in  the  lead 
between  the  main  feed  wire  and  the  insulated  rail  of  each  track 
circuit,  may  be  varied  from  50  to  150  ohms.  The  effective  E. 
]\I.  F.  of  the  generator  is  regulated  according  to  weather  con- 
ditions, between  90  and  110  volts.  Thus,  while  there  is  always 
available  an  ample  supply  of  current  to  provide  for  the  worst 
possible  weather  conditions,  the  relays  are  not  subjected  to  an 
undesirable  amount  in  good  weather. 
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The  relay  used  is  specially  designed  to  avoid  interference 
from  propulsion  current.  Its  construction  includes  a  resistance 
of  50  ohms,  with  a  pick-up  point  of  ICK)  mil-amperes  and  a 
drop-away  point  only  a  small  percentage  below  the  pick-up  point. 

162.  The  arrangement  shown  in  Fig.  101  represents  a  method 
used  to  supply  current  to  track  circuits  from  the  third  rail. of 


TTjirdRoU^  620  Vdf ST 
Cofiiraon  Rallv^ 


B 


Y 


Flff.   101 

an  electrified  road.  This  is  also  a  single  rail  arrangement  with 
return  propulsion  current  passing  along  the  common  rail.  The 
potential  on  the  third  rail  is  620  volts.  Current  from  this  source 
is  taken  through  a  3-ampere  fase  and  then  through  a  resistance 
plate  containing  a  total  of  425  ohms,  with  five  taps  5  ohms  apart 
at  one  end.  Two  leads  having  a  difference  of  about  10  volts 
potential  between  them  are  taken  from  these  taps;  the  one  from 
the  end  of  the  plate  is  connected  to  the  common  rail  and  the 
other  to  the  insulated  rail. 

The  relay  which  is  protected  by  a  3-ampere  fuse,  is  wound  to 
a  resistance  of  50  ohms  and  has  a  pick-up  point  of  80  mil- amperes 
with  a  drop-away  point  of  60  mil-amperes. 

The  purpose  of  lead  A  from  the  end  of  the  resistance  plate 
to  th(»  common  rail  is  to  avoid  an  excessive  voltage  between  the 
rails  in  case  the  fuse  at  the  relay  should  be  blown.  For  instance, 
if  lead  A  should  be  removed  and  the  relay  fuse  blown,  the  voltage 
between  the  running  rails  would  increase  according  to  the 
ballast  resistance,  which  if  high,  would  maintain  a  dangerous 
potential  between  the  rails. 

Note. — While  D.  C.  Track  circuits  are  used  to  some  extent  on  roads 
using  electric  propulsion,  A.  C.  track  circuits  are  generally  employed. 


163.    Where  current  from  commercial  power  mains  is  obtain- 
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able  it  can  be  utilized  to  advantage  by  employing  a  motor-gener- 
ator, to  change  to  the  required  voltage. 

The  arrangement,  described  in  Art.  158,  for  supplying  both 
track  and  line  circuits,  may  be  furnished  with  current  in  this 
manner. 

164.  There  are  in  service  a  number  of 
^BSifcfeSfiSfc'  installations  in  which  a  storage  battery 
- '  ^  is  connected  across  the  circuit,*  as  shown 

in  Fig.  102.  With  such  arrangements  the 
batteiy  constitutes  a  reserve  source  of 
energy,  in  case  it  should  become  necessary 
to  shut  down  the  generator,  and  also  pro- 
vides closer  regulation  of  the  load. 


Ftff.  102 


BELAYS 

166.  By  comparing  the  charts.  Pigs.  89-92,  it  will  be  obsen^ed 
that,  as  the  ballast  resistance  decreases,  the  relay  which  has  the 
lowest  resistance  (3i/^  ohms)  is  the  last  to  become  inoperative. 
It  might  be  inferred  from  this  that,  by  making  the  resistance  of 
the  relay  still  lower,  it  would  be  possible  for  it  to  operate  with 
the  ballast  resistance  still  further  reduced.  This  might  be  done 
if  it  were  not  necessary  to  provide  a  margin  of  safety  to  insure 
the  release  of  the  armature  when  the  relay  is  shunted  by  the 
wheels  of  a  train.  In  other  words,  if  the  battery  voltage  and 
series  resistance  (internal  or  artificial)  remain  the  same,  the 
lower  the  resistance  of  the  relay,  the  more  current  it  will 
receive  and  consequently,  the  more  likely  it  will  be  to  fail 
to  release  properly,  on  account  of  poor  wheel  contact.  As 
such  a  failure  would  produce  a  dangerous  condition,  it  is  very 
desirable  to  keep  the  resistance  of  the  relay  high  enough  to 
provide  a  large  factor  of  safety  in  this  respect.  On  this  account 
it  is  usually  considered  undesirable  to  use  a  relay  of  less  than 
3Vi»  ohms  resistance,  although  in  some  extreme  cases  they  have 
bee^n  wound  as  low  as  2  ohms. 


♦Commonly  termed  floaUd. 
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As  may  be  inferred  from  the  foregoing,  by  increasing  the 
resistance  of  the  relay,  although  the  probability  of  its  failure  to 
pick  up  on  account  of  low  ballast  resistance  is  increase<ik,  its 
ability  to  release  with  a  poor  shunt  is  also  increased. 

As  an  occasional  failure  to  pick  up  is  a  far  less  serious 
occurrence  than  a  failure  to  release  properly,  it  is  much  safer 
as  regards  shunting,  to  have  the  resistance  of  the  relay  too  high 
than  too  low. 

166.  Relays  wound  to  3^^  ohms  are  used  on  very  long,  wet 
track  circuits^  and  at  Other  points  where  the  ballast  resistance 
is  very  low.  The  resistance  which  has  been  adopted  as  standard 
by  the  R.  S.  A.*  for  track  relays  is  4  ohms.  5-ohm  relays  are 
used  to  a  considerable  extent,  being  the  standard  on  some  roads. 
On  short  track  circuits,  especially  where  there  is  considerable 
sand  used  on  the  track,  relays  of  9  ohms  resistance  are  frequently 
used,  and  occasionally  their  resistance  has  been  increased  to  16 
ohms  with  good  results. 

On  electrified  roads  where  it  is  necessary  to  guard  against 
interference  from  propulsion  current,  which  employs  one  of 
the  running  rails  for  return  from  the  car  motors,  it  is  customary, 
as  stated  in  Arts.  161-162,  to  use  relays  wound  as  high  as  50 
ohms. 

167.  The  efficiency  of  a  track  circuit  to  detect  a  broken  rail 
depends,  to  a  certain  extent,  upon  the  resistance  of  the  relay. 
When  two  resistances,  one  fixed  and  the  other  variable,  as  A 
and  B,  Fig.  103,  are  connected  in  series  with  a  certain  source 

of  current,  the  lower  the  fixed  resis- 

^J^vJLwv 1        tance    A,    the    greater    will    be    the 

variation  of  current  passing  through 
it  with  a  given  change  in  the  variable 
resistance  B.** 
FiK.  103  jjj  ^  track  circuit,  the  relay  repre- 

sents resistance  A,  the  other  resistances  in  series  with  it,  such 
as  the  internal  resistance  of  the  battery,  resistance  of  the  wiring, 
rails,  etc.,  being  represented  by  resistance  B.     Thus,  the  lower 

•  •Railway  Si^rnai  A.ssociation. 
**Spe  MnKnetIsm  and  Kleetrlelty. 


78  D.  C.  TRACK  CIRCUITS 

the  resistance  of  the  relay,  the  greater  will  be  the  tendency  of 
its  armature  to  drop  on  account  of  any  increase  in  the  resistance 
of  the  circuit,  such  as  would  be  caused  by  a  broken  rail. 

By  comparing  the  foregoing  conclusion  with  that  in  Art.  165 
concerning  the  shunting  of  the  relay,  it  will  be  seen  that  the 
results  as  to  the  safety  of  operation  are  directly  opposite,  the 
high  resistance  relay  being  safer  in  regard  to  releasing  when 
shunted,  and  the  low  resistance  relay,  safer  in  regard  to  broken 
rail  protection. 

Thus,  in  the  resistance  of  the  relay,  as  well  as  in  the  arrange- 
ment of  battery  voltage  and  artificial  resistance  (Art.  154),  the 
arrangement  which  favors  the  effective  shunting  of  the  relay, 
tends  to  lessen  the  efficiency  of  the  circuit  to  detect  broken  rails. 


RELATED   TRACK   CIRCUITS 

168.  As  the  n^sistance  of  the  ballast,  at  times  rims  very 
low,  it  is  evident  that  with  the  most  favorable  relay  the  length 
of  a  track  circuit  is  limited  to  a  few  thousand  feet,  owing, 
of  course,  to  the  fact  that  the  excessive  leakage  would  prevent 
the  relay  from  receiving  enough  current  to  operate  it.  (The 
practical  maximum  length  for  D.  C.  track  circuits  has  been 
found  to  be  from  6,000  to  7,000  ft.). 

169.  It  is  often  desirable  to  extend  the  control  of  signal 
apparatus  over  a  greater  length  of  track  than  this,  and  in  order 
to  do  so  without  the  use  of  line  wires,  it  has  been  found  con- 
venient to  use  the  method  illustrated  in  Figs.  104-106.  This 
arrangement  is  termed  a  relayed  track  circuit  or  cat  section. 

The  arrangement  consists  of  two  adjacent  track  circuits  in 
which  the  relay  of  one  controls  the  flow  of  current  from  the 
battery  of  the  other.  When  a  train  occupies  circuit  A,  Fig.  105, 
relay  A  is  shunted  in  the  ordinary  manner.  When  the  train 
occupies  circuit  B,  Fig.  106,  relay  B,  which  is  then  shunted, 
opens  the  circuit  of  battery  A,  which  is  the  source  of  energy 
for  circuit  A.  Thus  relay  A  will  be  de-energized*  when  the  train 
occupies  either  circuit,  and  any  circuit  controlled  through  eon- 
tacts  on  this  relay  will  be  governed  by  both  circuits. 
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It  will  be  observ^ed  that  relay  B  not  only  opens  the  circuit  of 
battery  A,  but  also,  through  its  back  contact,  closes  a  shunt  on 


B 
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Flip.  104 


the  rails  of  circuit  A  in  the  same  manner  as  would  be  done  by 
the  wheels  of  a  train.    The  object  of  this  arrangement  is  to  pro- 


Flip.   105 


vide  a  low  resistance  path  between  the  rails  and  thus  prevent 
relay  A  from  being  energized  by  foreign  current. 
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As  the  controlled  circuits  are  carried  through  contacts  on 
relay  A,  the  results  will  be  practically  the  same,**  with  the 
train  moving  in  either  direction. 


170.  By  controlling  the  circuit  battery  of  B,  Fig.  107,  through 
contacts  on  relay  C  as  shown,  it  will  be  seen  that  relays  A  and  B 
will  be  de-energized  when  circuit  C  is  occupied  by  a  train.    Thus 

•Although,  as  has  been  explained,  the  current  is  not  entirely  removed 
from  the  coils  of  the  relay  when  it  is  shunted  in  the  ordinary  manner, 
by  the  wheels  of  a  train,  it  is  customary  to  consider  them  as  being 
de-energized,  the  amount  of  current  still  passing  through  them  being 
negllgable. 

••There  are  certain  conditions  in  connection  with  Block  Sl^nallns 
that  make  it  desirable  to  feed  jvith  traffic  rather  than  against   it. 


80 


D.  C.  TRACK  CIRCUITS 


by  duplicating  the  relaying  connections  between  circuits  A  and  B, 
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Figs.  104-106,  any  desired  number  of  track  circuits  may  be  made 
to  produce  the  same  effect  as  a  single  circuit. 

171.  By  controlling  a  circuit  through  a  contact,  as  shown 
dotted  on  relay  B,  Fig.  107,  it  will  indicate  the  presence  of  a 
train  on  circuits  B  and  C,  but  not  on  A.  In  addition  to  the 
signal  apparatus  which  is  controlled  through  the  entire  circuit, 
devices  are,  in  this  manner,  freciuently  controlled  through  part 
of  a  relayed  track  circuit. 

POLARIZED    TRACK    CIRCXTITS 


172.  In  order  to  avoid  the  use  of  line  wires,  it  is  often  con- 
venient to  arrange  track  circuits  in  such  a  manner  that  the 
polarity  or  direction  of  the  current,  as  well  as  its  presence  in  the 
relay,  may  be  made  use  of  in  controlling  signal  apparatus. 

173.  In  the  track  circuits  which  have  been  described,  the 
polarity  of  the  current  has  not  been  considered,  the  relay  oper- 
ating in  the  same  manner  w^ith  the  current  flowing  in  either 
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direction.     However,  if  a  polarized  relay  is  substituted  for  the 
neutral  relay,  and  a  pole  changer  inserted  in  the  leads  between 
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the  battery  and  the  track,  as  shown  in  Figs.  108-109,*  the  position 


Fis.  joe 

of  the  polarized  armature,  while  the  circuit  is  unoccupied,  will 
be  governed  by  the  position  of  the  pole  changer. 

174.  In  Fig.  108,  the  current  flows  in  the  direction  indicated 
by  the  arrows,  causing  the  polarized  armature  A  to  be  deflected' 
to  the  left,  as  shown.  In  Fig.  109,  the  pole  changer  is  reversed, 
causing  the  current  to  flow  through  the  relay  in  the  opposite 
direction,  deflecting  its  polarized  armature  to  the  right.  Thus, 
by  operating  the  pole  changer,  the  polarized  armature  may  be 
made  to  assume  either  position,  and  any  circuit  controlled 
through  contacts  operated  by  the  polarized  armature  will  be  open 
or  closed,  according  to  the  position  of  the  pole  changer. 

176.  It  vnll  be  observed  that  in  both  cases,  Figs.  108-109,  the 
neutral  armature  of  the  relay  is  raised  against  the  front  contact, 
therefore  the  operation  of  any  circuit  controlled  through  the 
neutral  contacts  will  be  the  same  with  the  pole  changer  in  either 
position. 

176.  By  arranging  the  pole  changer  so  that  it  will  be  oper- 
ated by  a  movable  part  of  any  signal  device,  the  polarized 
armature  of  the  relay  may  be  made  to  assume  a  position  to 
correspond  with  that  of  the  part  to  which  the  pole  changer  is 
attached.  For  instance,  if  the  pole  changer  is  attached  to  a 
signal  arm,  so  that  when  the  arm  is  in  the  proceed  position,  the 
pole  changer  will  be  held  as  shown  in  Fig.  108,  and  when  in  the 
stop  position,  it  will  be  held  as  shown  in  Fig.  109,  the  polarized 


♦The  pole  changer  shown  Is  a  mechanically  operated  circuit  controller. 
The  two  arms  are  pivoted  at  the  lower  end.  and  Joined  by  an  insulated 
bar  (not  .shown)  so  that  they  remain  parallel,  the  upper  ends  beingr 
moved  from  one  position  to  the  other,  thus  reversing  the  polarity  of  the 
current  in  the  rails.    Pole  changrers  are  treated  more  fully  later. 
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armature  of  the  relay  will  be  operated  when  the  signal  arm  is 
changed  from  one  position  to  the  other,  and  any  circuits  con- 
trolled through  the  polarized  contacts  on  the  relay,  will  be  open 
or  closed  according  to  whether  the  signal  arm  is  in  the  proceed 
or  stop  position. 

177.  As  the  presence  of  current  in  the  relay  is  necessary  to 
reverse  the  position  of  the  polarized  armature,  it  is  evident  that 
this  operation  can  only  be  performed  when  the  track  is  not 
occupied  by  a  train,  because  if  there  were  a  train  on  the  circuit 
making  good  wheel  contact,  there  would  not  be  enough  current 
passing  through  the  relay  to  operate  the  polarized  armature. 
Therefore,  while  there  is  a  train  on  the  circuit,  the  polarized 
armature  will  not  be  reversed,  by  a  reversal  of  the  pole  changer. 
Consequently,  the  application  of  the  polarized  feature  of  the 
track  circuit  is  limited  to  arrangements  in  which  the  reversal 
of  the  polarized  armature  is  not  required  during  the  presence  of 
a  train  on  the  circuit. 

178.  As  in  most  types  of  polarized  relays,  the  polarized 
armature  does  not  indicate  by  its  position,  whether  or  not  the 
relay  is  energized*,  the  controlling  circuits  for  devices  which 
are  to  be  governed  by  the  presence  of  a  train,  must  be  carried 
through  the  neutral  contacts  of  the  relay. 

179.  The  pole  changer  is  so  constructed  that  it  will  change 
from  one  position  to  the  other  quickly,  thus  leaving  the  relay 
de-energized  but  a  very  short  period  of  time  while  the  direction 
of  the  current  is  being  reversed.  But  as  the  magnetic  flux  in 
the  cores  and  neutral  armature  in  one  direction  must  entirely 
cease  before  it  becomes  effective  in  the  other,  it  is  apparent 
that  there  must  be  a  moment  when  there  is  no  attraction  between 
them,  and  the  neutral  armature  Will  then  be  allowed  to  drop, 
although  it  will  at  once  be  attracted  again,  perhaps  before  it 
has  reaehed  the  back  contacts. 

By  the  use  of  sliding  front  contacts  on  the  neutral  armature, 
this  tendency  to  open  during  the  change,  is  to  some  extent 
overcome,  but  in  order  to  obtain  the  best  results  it  is  usually 


•See  Relarn* 
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desirable  to  provide  the  instruments,  controlled  through  these 
contacts,  with  a  slow-release*  which  will  retain  them  in  position 
while  their  circuit  is  momentarily  opened. 

180.  Relayed  Polarized  Track  Circuits:  Polarized  track 
circuits  may  be  relayed  in  a  manner  similar  to  that  described 
in  Arts.  168-171  for  neutral  track  circuits. 
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Such  an  arrangement  is  illustrated  in  Figs.  110-112.  The 
polarized  armature  of  relay  B,  which  operates  a  double  set  of 
contacts,  acts  as  a  pole  changer  for  circuit  A.    Thus,  when  the 
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pole  changer  is  reversed,  the  polarized  armature  of  relay  B  is 
reversed,  which  in  turn  reverses  the  polarity  of  circuit  A,  and 
consequently  the  polarized  armature  of  relay  A. 
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•This  is  one  of  the  uses  of  the  slow  teUasing relay. 
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As  will  be  noted,  the  neutral  armature  of  relay  B  controls 
circuit  A  in  the  same  manner  as  in  Figs.  104-106. 

The  necessity  of  the  polarized  armature  operating  on  a  current 
below  that  required  to  pick  up  the  neutral  armature,*  in  relays 
whose  polarized  armatures  continue  to  make  contact,  when  the 
relay  is  de-energized,  will  be  evident  from  a  study  of  Pigs. 
110-112.  For  instance,  if  it  should  require  mare  current  to 
reverse  the  polarized  armature  of  relay  B,  than  is  required  to 
raise  the  neutral  armature,  assuming  the  current  is  just  above 
the  pick-up  point  of  the  neutral  armature  but  beUno  the  oper- 
ating point  of  the  polarized  armature,  then  if  the  pole  changer 
should  be  reversed  the  neutral  armature  would  be  raised,  and 
circuit  A  would  be  completed  with  the  current  flowing  in  the 
wrong  direction,  and  consequently  the  polarized  armature  of 
relay  A  would  be  held  in  the  wrong  position.  With  the  operating 
current  of  the  polarized  armature  considerably  below  the  pick-up 
current  of  the  neutral  armature,  such  a  condition  could  not  arise, 
because  the  polarized  armature  would  be  reversed  before  the 
neutral  armature  is  raised. 


181.    Another  method  sometimes  used  to  secure  the  change 
in  polarity  is  sho\^Ti  in  Fig.  113,  applied  to  a  relayed  track 
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circuit.  It  will  be  observed  that  two  separate  batteries  are 
employed  with  each  circuit,  the  terminals  of  opposite  polarity, 
being  connected  to  one  wire  and  the  remaining  terminal  of  each, 
connected  to  a  separate  wire. 

At  the  right  of  the  illustration  the  wire  from  between  the 
two  batteries  is  permanently  eonneeted  to  the  lower  rail.     The 


*See  Relayii. 
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wire  from  the  opposite  terminal  of  either  one  or  the  other  of 
the  batteries,  is  connected  to  the  upper  rail,  according  to  the 
position  of  the  circuit  controller  C,  which  takes  the  place  of 
the  pole  changer  shown  in  Pigs.  108-112. 

With  the  circuit  controller  in  the  position  shown,  battery  A 
is  working  and  battery  B  is  on  open  circuit,  the  upper  rail 
being  positive  and  the  lower  rail,  negative.  By  reversing  C, 
battery  B  is  closed  on  to  the  track  and  battery  A  is  placed  on 
open  circuit.  As  the  negative  terminal  of  battery  B  is  now 
connected  to  the  upper  rail  through  the  circuit  controller,  the 
upper  rail  will  be  negative  and  the  lower  rail  positive.  Thus 
the  position  of  the  polarized  armature  of  relay  D  is  governed 
by  circuit  controller  C. 

The  polarized  armature  of  relay  D  governs  batteries  E  and 
F  in  the  same  manner  as  circuit  controller  C  governs  batteries 
A  and  B,  thus  controlling  the  polarized  armature  of  relay  G. 

This  arrangement  although  somewhat  more  expensive,  is  con- 
sidered quite  efficient,  especially  on  relayed  track  circuits.  The 
number  of  contacts  required  is  less  than  in  the  single  battery 
arrangement,  which  reduces  the  loss  of  energy  due  to  resistance, 
that  often  develops  in  them.  As  either  one  battery  or  the  other 
is  always  on  open  circuit,  they  each  get  some  rest,  which  in 
the  case  of  primary  batteries,  is  very  desirable.  In  some  in- 
stances, the  circuit  controller  occupies  one  position  most  of  the 
time,  being  reversed  occasionally  for  a  few  minutes  only.  In 
such  cases,  it  is  often  convenient  to  use  gravity  cells  in  the 
battery  which  gets  the  most  work,  and  potash  or  soda  cells  in 
the  other  battery. 


MULTIPLE  OLEARINO  RELAY  OIBOUITS* 

182.  It  is  frequently  convenient  to  have  the  presence  of  a 
train  indicated  at  each  end  of  a  track  circuit.  In  order  to  do 
this  without  the  use  of  line  wires,  and  also  to  assist  in  pre- 
venting interference  from  foreign  currents,  an  additional  relay 
is  used  as  shown  in  Fig.  114. 

In  addition  to  the  ordinary  4-ohm  track  relay  A,  a  16-ohm 


•other  clearing:  relay  circuits  are  described  in  Arts.  218-225. 
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relay  B,  is  connected  across  the  rails  close  to  the  battery.    This 
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relay  is  adjusted  to  pick  up  at  36  mil-amperes,  and  release  at 
14  mil-amperes.* 

188.  In  making  calculations  for  either  relay,  the  resistance 
of  the  other  relay  must  be  combined  with  the  ballast  resistance, 
and  the  result  thus  obtained  used  for  value  n  in  formula  (3). 
For  instance,  assuming  that  a  storage  battery  (2  volts),  using 
an  artificial  resistance  (R  +  R')  of  2  ohms,  is  employed  and 
that  the  ballast  resistance  is  10  ohms;  then,  if  it  is  desired  to 
ascertain  how  much  current  will  flow  through  relay  A,  when  the 
track  is  unoccupied,  the  value  of  m  must  first  be  found,  by  com- 
bining the  resistance  of  relay  B  with  the  ballast  resistance, 
employing  the  rule  for  multiple  resistances,  thus; 

Yg-T-jg  :=  6.154  ohms.,   Ans. 

Using  this  value  for  n  in  formula  (3), 

2 


2  +  4  + 


2  V.  ^  =  .274  amp.,    Ans. 


6.154 


Therefore,  the  fmrrent  flowing  through  relay  A,  when  the 
track  is  unoccupied  would  be  274  mil-amperes. 


184.  To  find  the  current  through  relay  B,  under  the  same 
conditions,  the  combined  resistance  of  relay  A  and  the  ballast 
resistance  is  first  computed,  as  follows; 

4  X  10 


4  4-10 


=  2.857  ohms,    Aiis, 
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Using  this  value  for  n  in  formula  (3), 

2 


Yxi^  =  .0685  amp.,   Ans, 


2  +  l«+-2:867 

f 

Therefore,  the  current  through  relay  B,  when  the  track  is 
unoccupied,  would  be  68.5  mil-amperes. 

186.  Problems. — In  the  foUowing  problems  it  is  assumed  that  the 
track  is  unoccupied. 

AssnmiTigall  valuea  to  be  the  same  aa. those  given  In  Art.  183»  with 
the  exception  of  the  ballast  resistance  which  is  now  assumed  to  be 
25  ohms;  (a)  What  will  be  the  current  through  the  4-ohm  relay? 
ih)    What  through  the  16-ohm  relay? 

Answebs. — (a)    293.3  mil-amp.    (2>)    73.3  mil-amp. 

186.  It  will  be  noted  that  in  these  calculations,  the  current 
through  the  4-olmi  relay  is  exactly  four  times  that  through  the 
16-ohm  relay ;  in  other  words,  the  current  through  these  relays 
is  inversely  proportional  to  their  resistances.  In  practice  this 
will  not  always  hold  true,  as  with  the  formula  used,  no  allowance 
is  made  for  the  resistance  of  the  rails  and  wiring,  which  if  con- 
sidered, would  slightly  alter  the  results.  The  resistance  of  the 
rails  will  cause  an  increase  of  current  in  relay  B,  above  that 
indicated  by  the  calculations,  and  a  corresponding  decrease  of 
that  in  relay  A. 

187.  It  will  be  noted  that  the  voltage  at  which  relay  B  re- 
leases (.224  volts),  is  considerably  higher  than  that  of  relay  A 
(.12volt).» 

The  object  of  this  adjustment  is  to  allow  for  the  effect  of 
resistance  in  the  rails  and  bonds  upon  the  releasing  of  relay  B. 
If  a  train  should  enter  the  circuit  from  the  right  and  occupy 
the  position  shown  at  C,  the  wheels  making  good  contact  with 
the  rails,  the  potential  at  the  terminals  of  relay  A  would  at 
once  drop  well  below  its  releasing  point.  But  with  exception- 
ally high  resistance  in  a  bonded  joint,  for  instance  at  point  X, 
a  much  higher  potential  would  be  maintained  at  the  terminals 


•The  drop-away  points  are  expressed  In  volts  to  facilitate  this  ex- 
planation. The  drop-away  point  in  volts  is,  of  course,  obtained  by 
multiplying  the  resistance  of  the  relay  by  the  drop-away  current. 
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of  relay  B,  which  if  adjusted  to  drop  at  the  same  voltage  as 
relay  A,  might  thus  be  kept  from  releasing  until  the  train  had 
passed  point  X.  In  fact,  the  same  effect  would  be  produced 
by  any  unusual  resistance  occurring  between  the  shunt  and  the 
connections  of  relay  B  to  the  rail,  either  on  account  of  poor 
bonding  or  a  broken  rail. 

188.  As  an  example  of  the  foregoing,  suppose  the  resistance 
at  point  X  to  be  4  ohms,  that  is,  equal  to  that  of  relay  A,  then 
with  a  train  at  C,  practically  the  same  amount  of  current  would 
flow  through  relay  B,  as  it  would  receive  when  the  track  is 
imoccupied  with  no  unusual  resistance  at  X.  In  such  an  in- 
stance, therefore,  relay  B  would  not  release  until  the  train 
passes  point  X.  Thus,  in  case  of  a  broken  rail,  relay  B  will  not 
only  fail  to  detect  it,  when  the  track  is  unoccupied,  but  mAy 
also  fail  to  indicate  the  presence  of  a  train  on  a  portion  of  the 
circuit.  On  account  of  the  possibility  of  such  failures,  relay  B 
is  not  depended  upon  to  perform  such  important  functions  as 
those  assigned  to  relay  A. 

189.  If  it  is  required  to  calculate  the  resistance  which  it  is 
desirable  to  use  for  R  and  R',  Fig.  114,  by  formula  (7) ;  the 
value  r  should  represent  the  resistance  of  relay  B,  and  the  value 
i  its  pick-up  current,  plus  any  working  margin  that  it  may  be 
desired  to  allow.  The  resistance  of  relay  A  should  be  combined 
with  the  minimum  ballast  resistance,  and  the  result  thus  obtained 
substituted  for  value  n. 

190.  To  illustrate  this  use  of  formula  (7)  it  is  assumed 
that  the  battery  is  arranged  to  give  an  effective  E.  M.  P.  of 
8  volts,  and  that  the  minimum  ballast  resistance  is  estimated 
to  be  1.8  ohms;  also  that  a  working  margin  of  10%  is  to  be 
allowed  above  the  pick-up  current  of  relay  B. 

The  combined  resistance  of  relay  A  and  the  ballast  resistance 
must  first  be  found  as  follows; 

4  X1.8 


4  +  1.8 


=  1.241  ohms,    Ans. 


Using  this  value  for  n  in  formula  (7), 

,  (8  X  1.241) -(.0396  X  1.241  X  16)  _        ^^     ,  . 

^  —      (.0396  X~1.241)  +  (^0396"X  16)      —  ^^'^^  ^'^^^    ^^' 
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Therefore,  under  the  given  conditions,  the  total  resistance  of 
B  and  R^,  should  be  13.39  ohms,  less  the  internal  resistance  of 
the  battery. 

191.  Problem. — On  a  certain  track  circuit,  where  it  is  desired 
to  install  a  16-ohm  clearing  relay  in  conjunction  with  a  4-ohm  relay, 
the  minimum  ballast  resistance  Is  estimated  to  be  1.5  ohms.  Allowing 
a  Working  margin  of  10%.  what  artificial  resistance  should  be  used 
with  a  4-cell  caustic  soda  battery,  connected  in  series,  each  cell 
having  an  effective  E.  M.  F.  of  .667  volts,  and  an  internal  resistance 
of  .026  ohm? 

A>'SWER. — 3.18  ohms. 

192.  The  arrangement  of  relay  resistances  (4  and  16  ohms) 
shown  in  Fig.  114,  has  usually  been  foimd  quite  satisfactory, 
although  in  some  cases  other  combinations  may  be  found 
desirable. 

193.  Double-wound  Clearing  Relay  Oircuit:  With  a  view 
to  overcoming  to  some  extent  the  weaker  points  of  the  arrange- 
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ment  shown  in  Fig.  114,  the  double-wound  relay  B,  Fig.  115, 
has  been  devised. 

This  relay  is  provided  with  two  16-ohm  windings,  C  and  D, 
winding  C  being  connected  to  the  track  in  the  same  manner  as 
relay  B,  Fig.  114,  and  winding  D  being  connected  in  multiple 
with  C,  through  a  back  contact  E  on  the  relay.  Therefore  when 
the  armature  is  down,  the  resistance  of  the  relay,  is  the  joint 
resistance  (8  ohms)  of  the  two  windings  and  owing  to  current 
passing  through  both  windings,  the  maximum  effect  is  produced 
upon  the  cores  and  armature.  When  enough  current  passes 
through  the  two  windings  to  raise  the  armature,  the  back  con- 
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tact  £  opens,  thus  cutting  out  winding  D  and  leaving  only 
wdnding  C  in  circuit.  As  it  requires  much  less  energy  to  retain 
the  armature  elevated,  than  it  does  to  raise  it,  the  current  passing 
through  the  single  winding  is  sufficient  to  keep  it  in  this  position. 

194.  The  16-16  relay  is  usually  adjusted  to  pick  up  with  a 
current  of  45  mil-amperes  through  the  entire  winding  (8  ohms), 
or  at  a  potential  of  .36  volts,  and  to  release  with  25  mil-amperes 
through  the  single  binding  (16  ohms),  or  at  a  potential  of  .4 
volt.  Thus  a  much  lower  pick-up  voltage  and  also  a  much  higher 
releasing"  voltage  are  secured,  than  with  the  16-ohm  clearings 
relay,  (Pig.  114),  both  of  which  greatly  favor  the  operation  of 
the  16-16  relay.  For  instance,  on  account  of  its  higher  drop- 
away  point,  the  16-16  relay  is  more  likely  to  operate  in  case  of 
a  broken  rail  or  defective  bonding,  although  of  course  it  will 
not  detect  a  broken  rail,  when  the  track  is  imoccupied. 

196.  When  calculating  the  battery  arrangement  required  for 
a  track  circuit,  similar  to  that  illustrated  in  Fig.  115,  it  is  first 
necessary  to  ascertain  that  any  proposed  battery  will  operate 
the  16-16  relay,  with  a  proper  working  margin.  This  is  done  as 
explained  in  Art.  184,  in  which  the  ballast  resistance  is  combined 
with  that  of  the  4-ohm  relay,  for  value  n,  to  be  used  in  for- 
mula (3),  for  finding  the  current  through  the  clearing  relay. 

It  should  be  remembered  that  when  de-energized,  the  resis- 
tance of  the  16-16  relay  is  8  ohms,  which  in  formula  (3)  should 
be  used  for  value  r,  when  calculating  whether  the  proposed 
battery  arrangement  will  pick  up  the  16-16  relay,  with  the 
proper  working  margin. 

The  next  step  is  to  make  certain  that  after  the  armature  is 
raised,  enough  current  will  continue  to  flow  through  this  relay 
to  insure  a  proper  working  margin  above  the  drop-away  point. 
This  is  found  by  using  formula  (3)  as  just  explained,  substi- 
tuting 16  ohms  in  place  of  8  ohms,  for  the  value  of  r. 

196.  The  foregoing  method  is  used  to  advantage  when  cal- 
culating gravity  battery  arraiigeuients,  but  when  employing 
storage  or  other  batteries  of  low  internal  resistance,  the  proper 
value  for  the  artificial  resistance  may  be  obtained  by  using  for- 
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mula  (7)  as  described  in  Art.  190.  In  this  case,  J?  is  of 
course,  an  assumed  value;  n  is  the  combined  resistance  of  the 
ballast  and  the  4-ohm  relay ;  i  is  the  pick-up  current  of  the  16-16 
relay  plus  a  proper  working  margin ;  and  r  the  joint  resistance 
(8  ohms)  of  the  two  windings  of  this  relay.  When  the  artificial 
resistance  has  thus  been  computed,  a  proper  working  margin, 
above  the  drop-away  point,  should  be  assured,  as  explained  in 
the  last  paragraph  of  Art.  195. 

197.  When  a  battery  arrangement,  which  will  operate  the 
16-16  relay  proi)erly,  has  been  determined  upon,  the  current 
through  the  4-ohm  relay,  may  be  calculated  as  explained  in  Art. 
183. 

198.  The  resistance  of  16  ohms  in  each  winding  of  relay  B, 
with  4  ohms  in  r^lay  A,  usually  makes  a  satisfactory  arrange- 
ment, but  other  combinations  are  also  used,  one  being  a  24-24 
relay  at  the  battery  and  a  4-ohm  relay  at  the  other  end  of  the 
circuit. 

OVERLAP  TRACK  OIROXTIT 

199.  When  it  is  desired  to  extend  the  indication  of  one  relay 
over  a  length  of  track  controlling  another,  the  arrangement 
shown  in  Pig.  116  is  sometimes  used.    It  will  be  observed  that 
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one  battery  supplies  current  for  both  relays,  an  insulated  joint 
being  placed  in  one  rail,  and  the  circuit  looped  around  it, 
through  relay  B  as  indicated. 

When  a  train  occupies  a  position  between  the  two  relays,  as 
shown  dotted  at  C,  relay  A,  only  is  de-energized,  relay  B  still 
receiving  current  which  passes  through  the  wheels  of  train  C. 
When  the  train  is  between  relay  B  and  the  battery,  as  showTi  at 
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D,  both  relays  are  de-energized.    Thus  the  indication  of  relay  A 
overlaps  that  of  relay  B. 

Relay  B,  being  nearer  the  battery,  is  favored  in  picking  up, 
as  any  current  which  leaks  through  the  ties  and  ballast  between 
the  two  relays,  must  of  course,  pass  through  it.  It  is  therefore 
usually  wound  to  a  lower  resistance  than  relay  A,  giving  the 
latter  the  benefit  of  their  difference.  The  combination  shown 
(4  and  9  ohms)  may  be  made  to  operate  satisfactorily. 

NORMALLY  OPEN  TRACK  dROXTITS 


200.  A  track  circuit  operating  on  a  principle  opposite  to 
those  heretofore  described,  is  illustrated  in  Figs.  117-118.  It 
is  known  as  a  normally  open  track  circuit. 
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Note. — The  term  normally  open  is  applied  to  this  type  of  track 
circuit,  first,  because  the  battery  is,  in  its  normal  condition  (when  the 
track  is  not  occupied  by  a  train),  on  open  circuit,  (except  leakage 
through  ties  and  ballast) ;  and  second,  because  under  like  conditions, 
the  relay  also  is  open. 

If  a  circuit  controller  should  be  inserted  as  a  part  of  a  normally 
closed  track  circuit,  arranged  so  as  to  keep  the  circuit  open,  except 
when  it  is  occasionally  necessary  for  the  relay  to  be  closed  to  perform 
some  operation,  it  would  be  proper  to  term  such  an  arrangement,  a 
"normally  open"  track  circuit.  However,  as  this  arrangement  is  un- 
common, the  term  has  not  been  generally  so  applied. 

201.  With  the  arrangement  shown  in  Figs.  117-118,  the  relay 
is  directly  in  series  with  the  battery  and  the  entire  current  passes 
through  it.  "When  the  track  is  unoccupied,  Fig.  117,  the  small 
amount  of  current  passing  from  rail  to  rail,  through  the  ties  and 
ballast,  is  helow  the  drop-away  point  of  the  relay,  and  conse- 
quently the  armature  remains  down. 


202.    With  the  track  occupied,  Fig.  118,  the  conductivity  of 
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the  path  through  the  wheels  and  axles  is  added  to  that  of  the 
tie.s  and  ballast,  forming  a  good  path  for  the  flow  of  current, 
thereby  causing  the  relay  to  pick  up. 

Thus  the  relay  indicates  the  presence  of  a  train  within  the 
limits  of  the  circuit,  but  in  a  manner  opposite  to  that  of  the 
normally  closed  track-circuit ;  that  is,  the  armature  is  picked  up, 
instead  of  being  released,  by  the  presence  of  a  train. 

203.  Oalculations :  It  will  be  observed  that  the  formulas 
given  for  calculations  in  connection  with  the  normally  closed 
track  circuit,  do  not  appl}'^  to  the  normally  open  circuit. 

As  the  entire  current  output  from  the  battery,  passes  through 
the  relay,  it  is  evident  that  the  values  i  and  /  (Art.  112)  are 
equal,  and  therefore  but  one  letter  is  required  to  express  them. 
Using  the  letters,  except  /,  given  in  Art.  112  to  represent  the 
values,  the  following  formulas  may  be  used.* 

To  find  the  current  passing  through  the  relay  when  the  track 
is  unoccupied; 

■      i  =  i-+^„-  (8) 

To  find  the  current  passing  through  the  relay  when  the  track 
is  occupied  by  a  train; 

E 


^  +  ^•+11  +  , 


(9) 


204,    To  illustrate  the  use  of  these  formulas  the  following 
values  are  assumed; 

E=,7  volt. 
J)  ==  .15  ohm. 
n  =  50  ohms. 
r  =  4  ohms. 
s  =■  .05  ohm. 

Using  these  values  in  formula  (8), 

*==  15  .^'4  ^50  =01 29  amp..    Arts. 


•The  resistance  of  the  wiring:  is  not  taken  Into  account  in  these 
formulas,  although  If  large  enougrh  to  be  considered  (as  mav  sometimes 
happen  when  either  the  battery  or  the  relay  are  some  distance  from 
the  track)   It  should  be  added  to  the  internal  resistance  of  the  battery. 
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Therefore  the  current  passing  through  the  relay  when  the 
track  is  unoccupied,  is  12.9  mil-amperes.  This  current  being 
helow  the  drop-away  point  of  the  relay,  its  armature  will,  under 
the  assumed  condition,  remain  down. 

Using  the  same  values  in  formula  (9), 

*= ^5^^^^  =  .1667  amp.,    Ans. 

Therefore  the  current  passing  through  the  relay  when  the 
track  is  occupied,  is  166.7  mil-amperes.  This  current  being  above 
the  pick-up  point  of  the  relay,  its  armature  will  be  raised. 

205.  Pboblkmb. — With  the  values  given  in  Art.  204.  with  the  ex- 
ception that  a  3^-ohm  relay  is  used;  (a)  What  will  be  the  current 
through  the  relay  when  the  track  is  unoccupied?  (2>)  What  when 
occupied? 

Answkrs. — (a)    13  mil-amp.    (b)    189.2  mil-amp. 

206.  As  it  is  necessary,  when  the  track  is  unoccupied,  that  %  be 
less  than  the  drop-away  current  of  the  relay,  it  is  evident  that 
the  lower  the  value  of  n,  the  lower  must  be  the  value  of  E, 

.  other  values  remaining  the  same.  Therefore,  if  it  has  been 
decided  to  use  a  certain  relay,  and  the  minimum  value  of  n  is 
estimated,  and  also  that  of  b  for  any  proposed  battery  arrange- 
ment, the  maximum  value  for  E  may  be  found  by  using  formula 
(8)  arranged  as  follows ; 

■ 

E  =  i(b  +  r  +  n),  (10) 

In  this  case  i  represents  the  drop-away  current  of  the  relay, 
less  any  percentage  that  it  may  be  desired  to  allow  as  a  working 
margin. 

207.  As  may  be  inferred  from  Art.  206,  the  lou)er  the  value 
of  E  the  lower  may  be  the  value  of  n;  however,  the  value  of  E 
must  always  be  high  enough  to  pick  up  the  relay,  when  the 
track  is  occupied.  Therefore,  if  it  has  been  decided  to  use  a 
certain  relay,  and  the  maximum  values  of  n  and  8  are  estimated, 
also  of  b  for  any  proposed  battery  arrangement,  the  minimum 
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value  for  E  may  be  found  by  using  formula  (9)  arranged  as 
follows ; 

As  the  maximum  value  of  n  is,  in  practice,  often  difficult  to 
determine,  and  as  the  joint  resistance  of  n  and  s  cannot,  in 
any  case,  exceed  that  of  s,  it  is  apparent  that,  if  in  this  formula, 

s  be  substituted  for  ^-r-^,  the  resulting  formula  will  produce 

a  slightly  higher  voltage,  which  only  tends  to  further  insure  the 
proper  operation  of  the  relay.  This  substitution  is  made  as  it 
simplifies  the  formula  as  follows; 

E  =  i{b  +  r  +  s).  (11) 

In  this  case,  of  course,  i  represents  the  pick  up  current  of  the 
relay,  plus  a  proper  working  margin. 

208.  To  illustrate  the  use  of  formulas  (10)  and  (11),  25 
ohms  is  taken  as  the  minimum  value  of  n,  the  other  values  used 
(excepting  E  and  s)  being  the  same  as  given  in  Art.  204.  A 
margin  of  10%  below  the  drop-away  current  of  the  relay  is 
allowed,  formula  (10)  reading  as  follows; 

E=mi  (.15  +  4  +  25)  ==  .787  volt,   Ans, 

Assuming  2  ohms  to  be  the  maximum  value  for  Sy  and  that  a 
margin  of  10%  is  allowed  above  the  pick-up  point  of  the  relay, 
formula  (11)  reads  as  follows; 

E  =  .0715  (.15  -f  4  +  2)  =  .44  volt,    Am, 

Therefore,  under  the  assumed  conditions,  the  maximum  effec- 
tive E.  M.  F.  which  may  be  used  is  .787  volt,  and  the  minimum, 
.44  volt. 

209>  Pboblems. — On  a  certain  normally  open  track  circuit,  the 
minimum  ballast  resistance  of  which  is  estimated  to  be  20  ohms, 
it  is  proposed  to  use  a  3^-ohm  relay.*  The  maximum  value  of  h  is 
assumed  to  be  .2  ohms,  and  that  of  s  1.5  ohms.  It  is  desired  to  allow 
a  working  margin  of  10%  for  both  the  pick-up  and  drop-away  current. 


•For  pick-up  and  drop-away  current  see  Fig.  89. 
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What  will  be  the  (a)   maximum  and  (b)   minimum  effective  E.  M.  F. 
allowable? 

Answkhh. —  (o)    .68  volt,    (b)    .38  volt. 

210.  Reducing  the  ballast  resistance  of  a  normally  open 
track  circuit  tends  to  cause  the  relay  to  remain  energized,  after 
a  train  leaves  the  circuit.  Therefore,  if  it  is  desired  to  find  the 
maximum  length  of  track  circuit,  that  can  be  operated  with  a 
certain  relay  and  battery  arrangement,  the  minimum  value  of 
n  may  be  found  for  this  purpose  by  using  formula  (8),  arranged 
as  follows; 

n=f-(&  +  r).  (12) 

In  this  case  also,  i  represents  the  drop-away  current  of  the 
relay  less  the  percentage  allowed  as  a  working  margin. 

• 

211.  To  illustrate  the  use  of  this  formula,  the  values  given 
in  Art.  204  (excepting  that  of  n)  are  taken,  and  a  working 
margin  of  10%    is  allowed,  below  the  drop-away  point  of  the 

relay.     The  formula  then  reads; 

7 
n  ==   1^^  —  ( .15  -|-  4)  =  21.78  ohms,    Ans. 

Therefore,  to  insure  the  proper  releasing  of  the  relay,  the 
length  of  any  circuit  to  which  the  above  conditions  will  apply, 
must  be  such  that  the  ballast  resistance  will  not  be  less  than 
21.78  ohms.  For  instance,  the  ballast  resistance,  under  uniform 
conditions,  is  inversely  proportional  to  the  length  of  the  circuit 
(Art.  111).  Consequently,  if  a  circuit  similar  to  the  above  is 
installed  on  a  track  whose  minimum  ballast  resistance  is  esti- 
mated at  3  ohm  per  1,000  ft.,  then  of  course,  3  X  1000  ft.  or 
3,000  ft.  of  this  track  would  have  a  ballast  resistance  of  1  ohm. 
As  it  is  necessary  that  the  ballast  resistance  of  the  circuit  be 
not  less  than  21.78  ohms,  then  3000  ft.  -:-  21.78  will  give  the 
length  of  track  having  this  ballast  resistance,  thus, 

3  X  1000      . ..-  -  „.        . 
21  78    "^  ft..    AhS. 

Therefore,  under  the  assumed  conditions  137.7  ft.  is  the 
)naxiniH7n  length  of  circuit  which  can  be  operated. 
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212.  From  the  foregoing  the  following  conclusions  may  be 
drawn:  First,  reducing  the  resistance  of  the  relay  tends  to 
favor  the  operation  of  the  circuit ;  second,  reducing  the  effective 
E.  M.  F.  of  the  battery  also  tends  to  produce  the  same  result, 
but  in  a  less  degree;  third,  increasing  the  internal  resistance 
of  the  battery  (or  artificial  resistance),  while  it  jnay  afford 
relief  in  case  of  low  ballast  resistance,  it  decreases  the  efficiency 
of  the  circuit  to  operate  in  case  of  poor  wheel  contact;  fourth, 
if  for  any  reason  it  is  not  desirable  to  reduce  the  effective  E. 
M.  F.  of  the  battery,  the  same  result  in  operation  may  be 
obtained  by  adjusting  the  relay  to  work  on  a  higher  drop-away 
and  pick-up  current. 

With  the  normally  open,  as  with  the  normally  closed  track 
circuit,  the  closer  the  pick-up  and  drop-away  points  of  the 
relay  are  to  each  other,  the  more  favorable  will  be  the  results 
obtained. 

213.  It  is  not  desirable  to  employ  gravity  batteries  on 
normally  open  track  circuits  for  the  following  reasons;  first, 
cells  of  this  type  need  more  work  to  keep  them  in  good  con- 
dition*, than  would  be  usually  required  of  them  on  such  cir- 
cuits; and  second,  their  comparatively  high  internal  resistance 
tends  to  interfere,  as  explained  in  Art.  212,  with  the  operation 
of  the  circuit. 

Caustic  soda  or  potash  cells  are  especially  adapted  to  such 
circuits,  and  where  traflSc  is  not  too  heavy,  salammonfac  or  dry 
<;ells  will  work  satisfactorily. 

214.  By  omitting  the  two  insulated  joints  in  either  the  upper 
or  the  lower  rail  (Figs.  117-118),  a  si^igle  rail  normally  open 
track  circuit  will  be  produced.  Such  an  arrangement  will 
operate  satisfactorily,  especially  on  a  short  circuit,  although  the 
lower  ballast  resistance  resulting  (Art.  125),  would  tend  to 
prevent  the  relay  from  releasing  properly. 

216.  Broken  Bails:  The  effects  produced  by  a  broken 
rail  in  a  normally  open   track  circuit  are  as  follows:    With 


*See  Mavnetlnm  and  Electricity — Batteries. 
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the  rail,  broken  at  point  X,  Fig.  119,  there  may  not  be  enough 

cnrrent  passing  from  wire  A  to 
the  wheels  of  the  train,  entering 
the  circuit  from  the  left,  to 
cause  the  relay  to  pick  up,  in 
which  case  the  armature  wiU 
remain  down  until  the  train 
'^**"  ***  passes  over   the   break   in  the 

rail.  Enough  current  might  pass  around  the  break  to  hold  up 
the  armature  if  once  lifted,  in  which  case  the  relay  would  operate 
as  usual  for  a  train  moving  in  the  opposite  direction.  In  other 
instances,  enough  current  might  pass  around  the  break  to 
operate  the  relay  as  usual  thus  preventing  it  from  giving  any 
indication  of  a  broken  rail.  The  effect  would,  of  course,  be 
practically  the  same,  if  the  rail  were  broken  at  any  other  point 
in  the  circuit. 

Thus  in  case  of  a  broken  rail,  the  relay  wiU  not  only  fail  to 
detect  the  fact  when  the  track  is  unoccupied,  but  may  also  fail 
to  indicate  the  presence  of  a  train  on  a  portion  of  the  circuit. 

216.  Defective  Conditions :  If  the  circuit  should  be  broken 
at  any  point  in  the  wiring,  by  a  break  in  the  wire,  a  corroded 
joint  or  a  loose  binding  post,  the  relay  will  fail  to  indicate  the 
presence  of  a  train,  and  the  circuit  wUl  not  indicate  its  defective 
condition,  except  when  a  train  is  present  on  the  track. 

On  account  of  the  possibility  of  such  failures,  the  normally 
open  track  circuit  is  ordinarily  not  as  desirable  as  the  normally 
closed  circuit  for  operating  signal  apparatus. 

217.  Normally  open  track  circuits  are  seldom  operated  over 
more  than  a  few  hundred  feet  of  track,  and,  although  by  the 
use  of  properly  arranged  relays,  batteries,  etc.,  this  length  might 
be  considerably  increased,  its  limited  application  has  not  re- 
quired that  it  be  carried  to  the  degree  of  development  found  in 
the  normally  closed  circuit. 

SERIES    OLEARINO    BELAY    OIBOUITS 

218.  An  arrangement  which  is,  in  effect,  a  combination  of 
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the  normally  closed  and  normally  open  track  circuits,  is  shown 
in  Pig.  120.     Relay  A  operates  as  in  the  ordinary  normally 


lOhm 


dOhrw 


closed  circuit.  Relay  B,  which  is  inserted  in  one  of  the  battery 
leads,  operates  as  in  the  normally  open  circuit,  and  incidentally 
takes  the  place  of  any  artificial  resistance,  that  might  otherwise 
be  used.  The  effect  of  the  presence  of  a  train  shown  dotted,  is 
indicated  by  the  dotted  position  of  the  armatures. 

219.  In  making  calculations  for  relay  A,  the  resistance  of 
relay  B  is  considered  as  a  part  of  h  in  formulas  (1)  to  (6) 
inclusive,  and  likewise  in  making  calculations  for  relay  B,  the 
resistance  of  relay  A  is  combined  with  that  of  the  ballast,  and 
the  result  thus  obtained  is  substituted  for  n  in  formulas  (8) 
to  (10)  inclusive. 

220.  As  the  resistance  of  relay  A,  in  any  given  arrangemjcnt, 
is  a  fixed  quantity,  it  should  be  combined  with  the  maximum 
value  of  s  and  the  result  thus  obtained  substituted  for  value  s 
in  formula  (11),  when  making  calculations  for  relay  B. 

221.  The  resistances  given  in  the  illustration  (%  and  9  ohms) 
make  an  available  combination,  although  other  arrangements 
may  be  used.  By  making  calculations  with  formulas  (8)  to 
(12)  inclusive,  it  will  be  found  that  with  a  resistance  of  12 
ohms  or  less  in  relay  A,  the  resistance  of  relay  B,  wuth  the 
ordinary  adjustment,*  cannot  be  made  much  greater  than  one 
ohm.  The  principal  reason  for  this  of  course  is  the  fact  that 
the  effective  E.  M.  F.  of  the  battery  must  be  kept  high  enough 
to  operate  relay  A.  However,  by  altering  the  adjustment  of 
relay  B,  as  mentioned  in  Art.  212,  its  resistance  may  be  increased 
where  necessary. 


•.015  watt  pick-up. 
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222.  The  operation  of  relay  B  in  case  of  a  broken  rail  will, 
of  course,  be  the  same  as  described  in  connection  with  the 
ordinary  normally  open  track  circuit. 

223.  The  gravity  battery,  on  account  of  its  high  internal 
resistance  (Art.  213),  is  not  well  adapted  to  this  type  of 
circuit. 


DIFFERENTIAL   CLEARING   RELAY   CIRCUIT 

224.    A  circuit  which  combines  the  principles  illustrated  in 
Figs.  114  and  320,  is  shown  in  Pig.  121.    The  dififerential  relay 


AO\wm 
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B,  which  is  constructed  with  ttvo  pairs  of  coils,  is  mounted 
horizontally  so  that  the  movement  of  their  armatures  will  not 
be  biased  by  gravity.  Each  magnet  has  its  own  armature, 
but  the  two  armatures  are  rigidly  connected,  so  that  they  are 
attracted  by  whichever  magnet  is  the  stronger. 

225.  The  22-ohm  coil,  Fig.  121,  represents  relay  B  in  Fig. 
114,  and  the  1-ohm  coil,  relay  B  in  Fig.  120.  By  comparing 
those  two  relays  it  will  be  observed  that  their  operation  is 
directly  opposite;  that  is,  with  one  the  armature  is  attracted 
when  the  track  is  imoccupied  and  released  by  the  presence  of  a 
train,  while  with  the  other  the  armature  occupies  the  opposite 
position  under  like  conditions.  Therefore,  when  connected  as 
shown  in  Fig.  321,  the  operation  of  the  two  magnets  is  reciprocal, 
each  attracting  as  the  other  releases. 

There  are  no  fixed  pick-up  and  releasing  points  for  the 
magnets,  as.  of  course,  the  reversal  of  their  armatures  is  de- 
pendent upon  the  ratio  which  the  current  in  one  coil  bears  to 
that  in  the  other,  and  thus  ordinary  variations  in  battery  power 
have  practically  no  effect  upon  the  operation  of  the  relay. 
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The  diflferential  relay  is  usually'  adjusted  to  operate  through 
a  rail  resistance  as  high  as  one  ohm,*  and,  with  a  4-ohm  relay 
at  the  other  end  of  the  circuit,  it  will  operate  properly  on  a 
ballast  resistance  as  low  as  4  ohms.  The  ratio  of  the  resistances, 
1  and  22  ohms  in  relay  B,  and  4  ohms  in  relay  A  is  usually 
satisfactory,  ^although  other  combinations  may  be  used. 


ABRANOEMENTS   AT    SWITCHES** 

226.  When  a  switch  is  located  in  a  track  circuit,  it  is  evident 
that  without  some  means  to  prevent  the  current  from  passing 
from  rail  to  rail,  as  explained  in  connection  with  Fig.  17,  the 
switch  rods  and  cross-rail  would  tend  to  act  in  the  same  manner 
as  a  pair  of  wheels  on  the  track,  thus  keeping  the  relay  de- 
energized,  and  therefore  falsely  indicating  the  presence  of  a 
train.  To  prevent  the  switch  from  thus  interfering  with  the 
operation  of  the  circuit,  the  methods  explained  in  Arts.  23-43, 
are  employed. 

227.  Another  method  sometimes  used  is  sho^vn  in  Fig.  122. 
Two  insulated  joints  C  and  D  are  placed  in  rail  B,  and  a  wire 


FIff.   122 

E,  known  as  a  jumper,  is  connected  as  shown.  The  current  in 
rail  B  will  then  pass  through  wire  E,  around  the  length  of 
rail  between  C  and  D,  which  is  the  only  part  of  rail  B  that  can 
be  reached  by  current  from  rail  A. 

This  portion  of  rail  B  between  the  insulated  joints  is  said 
to  be  cut  out  or  dead  and  it  is  apparent  that  the  relay  will  not 


•Aa  mlifht  occur  in  ca.se  of  defective  bondinRr. 

••Tliese  arrangrements  are  explained  in  connection  with  normally 
closed  track  circuits,  althougii  they  may  be  adapted  for  use  with 
normally  open  track  circuits. 
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be  affected  by  a  pair  of  wheels  occupying  it*  or  by  a  break 
in  the  rail  between  the  two  insulated  joints.  This  fact  con* 
stitutes  one  of  the  principal  objections  to  this  arrangement,  as 
it  is  very  desirable  to  have  as  little  dead  track  as  possible  in  a 
circuit.  Another  objection  to  this  arrangement,  which  also  ap- 
plies to  the  use  of  wedge  blocks,  Fig.  32,  is  the  path  formed  by 
the  cross  rail  and  switch  rods  (shown  by  arrows)  for  current 
to  pass  around  a  break  in  the  rail  at  point  F,  which  would 
probably  prevent  the  circuit  from  detecting  the  broken  rail. 

228.  It  is  frequently  desirable,  when  a  switch  is  located  in 
a  track  circuit,  to  prevent  the  current  from  passing  into  the 
siding  rails,  because  if  allowed  to  reach  any  great  length  of  rail, 
as  might  occur  in  a  yard  or  long  turnout,  the  ballast  resistance 
of  the  circuit  would  be  considerably  reduced.  Also,  as  shown  in 


Fiff.  123 

Fig.  123,  a  car  on  the  siding  at  A  might  prevent  the  circuit  from 
detecting  a  broken  rail,  in  the  main  track  at  B,  by  forming  a 
path  (shown  by  arrows)  around  it. 

229.    If  two  switches  in  the  circuit  were  both  connected  to 
the  same  siding,  as  shown  in  Fig.  124,  two  paths   (shown  by 


Flff.   124 


arrows)  would  be  formed  for  current  to  pass  around  a  break 
in  the  rail  at  point  A.     However,  in  certain  classes  of  work, 


•This  dead  .*«ection  is  usually  so  short  that  It  cannot  hold  an  entire 
car  and  therefore  the  wheels  that  extend  beyond  the  Insulated  Joint 
will  keep   the  relay  de-energized. 
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which  do  not  demand  broken  rail  protection,  the  arrangement 
shown  in  Figs.  123-124,  may  be  used  for  circuits  of  moderate 
length. 

230.  In  order  to  avoid  failures  from  low  ballast  resistance, 
and  also  to  provide  where  necessary,  as  much  broken  rail  pro- 
tection as  possible,  it  is  customary  to  place  insulated  joints  in 
the  siding  rails  as  shown  at  A  and  B  in  Fig.  125. 


FItf.  125 

Note. — The  jumpers  C,  Fig.  125,  represent  bonding  required  to  insure 
good  conductivity  through  the  switch. 

231.  Fouling  Protection:  If  a  train  should  move  from 
the  siding  shown  in  Fig.  125,  toward  the  switch,  the  relay 
would  not  be  shunted  until  the  first  pair  of  wheels  had  passed 
over  insulated  joint  A,  because  when  the  wheels  are  in  either 
of  the  positions  shown,  one  wheel  is  on  a  live*  rail  and  the 
other  on  a  dead  rail.  If  the  insulated  joint  should  be  placed 
at  point  C  instead  of  point  A,  Fig.  126,  as  might  occur  in  some 


W 


cases,  the  wheels  when  in  the  position  shown,  would  both  be  on 
live  rails,  but  of  the  same  polarity,  and  therefore  they  would 
not  shunt  the  relay.  Thus  a  car  could  be  moved  from  the  siding 
far  enough  to  block  the  main  track  (and  so  render  it  unsafe 
for  another  train  to  pass)  without  causing  the  relay  to  indicate 
its  presence. 


^Energized. 
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282.  As  the  normally  closed  track  circuit  is  largely  used  to 
indicate  whether  or  not  the  track  is  safe  for  the  passage  of  a 
train,  it  is  necessary  in  such  cases,  that  the  circuit  be  so  arranged 
that  it  will  indicate  the  presence  of  the  wheels  on  the  siding,  not 
only  as  shown  in  Figs.  125-126,  but  at  any  point  where  a  car 
on  the  siding  rails  would  foul  with  one  on  the  main  track. 

233.  This  result  is  obtained  by  using  the  arrangement  shown 
in  Pig.  127.     The  insulated  joint  B  is  moved  back  from  the 


position  near  the  frog  shown  in  Figs.  125-126,  to  the  fouling* 
point,  that  is,  the  point  in  the  siding  at  which  a  car  moving 
from  it  would  begin  to  foul  with  a  car  on  the  main  track.  An- 
other insulated  joint  C,  is  placed  opposite  B,  a  jumper  E  con- 
necting that  position  of  the  siding  rail  between  joints  A  and  C 
with  the  further  rail  of  the  main  track.  The  jumper  is  of  such 
a  size  that  its  resistance  need  not  be  considered.  Thus  any  pair 
of  wheels  on  the  siding  between  the  fouling  point  and  the  switch, 
comes  into  contact  with  both  the  positive  and  negative  rails  of 
the  circuit,  and  therefore  (as  shown  by  arrows)  shunts  the 
current  out  of  the  relay. 

234.  The  insulated  joints  A  and  D  should,  of  course,  be  as 
nearly  opposite  as  possible  in  order  to  reduce  to  its  minimum 
the  dead  section  that  will  occur  between  them  if  staggered.  It 
is  also  desirable  that  joints  B  and  C  be  as  nearly  opposite  as 
possible,  because,  if  staggered,  a  pair  of  wheels  might  be  left 
standing  between  them,  which  would  tend  to  lessen  the  ballast 
resistance  by  forming  a  path  for  current  to  pass  into  the  siding, 
(Art.  228). 

235.  The  jumper  E  should  be  connected  to  the  siding  rail 
as  nearly  as  possible  half  way  between  joint  A  and  the  fouling 
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point.  This  is  desirable  because  this  rail  is  not  connected  m 
series  with  the  batterj^  and  relay  as  are  the  main  track  rails, 
but  in  multiple.  Therefore  if  the  rail  should  break  or  the 
bonding  become  defective  at  point  F,  tlie  relay  would  not  only 
fail  to  detect  this  condition  when  the  track  is  unoccupied,  but 
also  might  fail  to  indicate  the  presence  of  a  pair  of  wheels  on 
any  part  of  the  track  between  point  F  and  joint  C.  As  a 
similar  condition  would  be  produced  by  a  broken  rail  or  defec- 
tive bonding  at  any  point  between  joints  A  and  C,  it  is  apparent 
that,  with  the  jumper  connected  midway  between  them,  more 
than  half  of  this  rail  would,  in  any  case,  still  be  efifective  in 
shunting  the  relay. 

236.  It  will  be  observed  that  if  jumper  E  should  become 
disconnected  or  broken,  the  relay  would  operate  properly  for 
a  train  on  the  main  track  but  not  for  one  on  the  siding.  There 
would  be  no  warning  that  the  jumper  was  broken  and  thus  a 
dangerous  condition  might  remain  undiscovered  for  some  time. 
In  order  to  guard  against  such  a  failure,  two  jumpers  B  and  D, 
Fig.  128,  are  sometimes  used,  it  being  assumed  that  they  will 
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not  both  become  disconnected  at  the  same  time.  Another  ad- 
vantage of  this  arrangement  is  that  in  case  of  a  broken  rail  or 
poor  bonding,  for  instance  at  point  E,  tlie  entire  siding  rail, 
between  joints  A  and  C,  would  still  be  connected  and  would 
shunt  the  relay  through  either  one  or  the  other  of  the  jumpers. 


237.  The  double  jumper  arrangeinent,  shown  yi  Fig.  128, 
has  this  objection;  if  a  break  should  occur  in  the  main  rail 
between  the  points  where  the  two  jumpers  are  attached,  as  at 
point  X,  the  current  would  still  have  a  path  (shown  by  arrows) 
and  the  relay  would  fail  to  indicate  the  presence  of  the  broken 
rail. 
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This  objection  is  overcome  by  the  arrangement  shown   in 
Pig.  129,  in  which  an  insulated  joint  is  placed  in  the  main  rail 


FIs.  1» 

at  A  and  the  two  jumpers  connected  close  to  it.  Thus  the 
section  of  the  siding  rail,  is  placed  in  series  with  the  main  rail, 
instead  of  in  multiple  or  shunt,  as  in  Figs.  127-128,  and  a 
broken  rail  or  poor  bonding  in  this  portion  of  the  siding  rail 
will  be  as  effective  in  dropping  the  relay  as  if  in  the  main  rail. 
Of  course,  there  is  a  possibility  of  a  breakdown  of  insulation 
in  joint  A,  in  which  case  there  would  be  nothing  to  indicate 
the  fact,  and  the  siding  rail  would  then  be  in  multiple,  as  in 
Fig.  128.  While  in  this  event  one  of  the  jumpers,  B,  would  be 
longer  than  is  desirable,  yet  owing  to  the  jumpers  being  con- 
nected to  the  main  rail  only  a  few  feet  apart,  there  would  not 
be  as  much  possibility  of  a  failure  to  indicate  a  break  in  the 
main  rail,  as  in  Fig.  128. 

In  this  connection,  it  should  be  observed  that  the  rail  between 
joints  C  and  D  is  still  in  multiple.  However,  it  is  not  usuaDy 
considered  practicable  to  develop  the  series  arrangement  further 
than  that  shown  in  Fig.  129. 

ABSANOEMENTS    AT    GRADE    CROSSINGS 


238.    When  a  grade  crossing  occurs  in  a  track  circuit,  it  may 
be  protected  as  shown  in  Fig.'  130.    This  arrangement  is  applic- 
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able  either  to  rigid  or  movable  point  frogs,  although  in  the 
latter  ease,  the  rods  connecting  the  frog  points  must  be 
insulated. 


239.    Other  methods  used  to  carry  circuits  through  crossings 
are  shown  in  Figs.  131-134.     These  arrangements  are  not  de- 


Flc.  131 


Flc.  132 


signed  to  provide  fouling  protection,  such  protection  being 
secured  by  other  means.  The  arrangement  shown  in  Fig.  131, 
is  used  where  it  is  not  desired  to  install  insulated  rail  joints  in 
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the  frogs.  It  will  be  noted  that  the  length  A  is  cut  out,  that 
is,  it  constitutes  a  dead  section  and  to  make  it  as  short  as 
possible,  the  circuit  is  transposed  (compare  with  Fig.  133),  that 
is,  the  polarity  of  the  rails  changed,  the  current  of  one  rail 
being  carried  through  the  jumper  and  that  of  the  other  rail, 
through  the  frogs.  In  Fig.  132  there  are  circuits  on  both  tracks, 
one  being  cut  out  and  passing  through  the  two  jumpers,  while 
the  other  is  carried  through  the  frogs.  In  Figs.  133-134,  there 
are  circuits  on  both  tracks  and  both  are  cut  out,  having  a  dead 
section  through  the  frog.  In  one  case  one  side  of  one  circuit  is 
carried  through  the  frogs  and  in  the  other  no  current  passes 
through  them. 

240.    Ballast    Resistance    at    Frogs    and    Switches:    The 

presence  of  switches  or  frogs  tends  to  reduce  the  ballast  resis- 


108 


D.  C.  TRACK  CIRCUITS 


tance  of  a  track  circuit.  This  is  due  to  two  causes:  Rails  of 
opposite  polarity  occur  closer  together  than  in  the  ordinary 
track,  and  insulated  rail  joints  are  placed  between  rail  len^hs 
having  opposite  polarity.  In  either  case,  the  length  of  the 
gap  which  has  to  be  spanned  by  the  leakage  is  considerabl}" 
reduced,  and  its  resistance  is  reduced  accordingly. 


SPECIAL    CIRCUITS 

241.  It  sometimes  becomes  convenient  to  operate  one  track 
circuit  within  another.  One  method  used  for  this  purpose  is 
shown  in  Fig.  135.    In  this  case,  a  normally  open  circuit  is  in- 
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serted  within  a  normally  closed  circuit,  one  rail  being  common 
to  both  circuits.  Any  wheels  in  the  normally  open  circuit  have 
no  effect  on  the  other  relay. 


242.    Two  normally  closed  circuits,  one  within  the  other,  are 
shown  in  Fig.  136.    The  jumpers  of  the  longer  circuit  are  cut 
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through  front  contacts  in  relay  B,  which  also  shunts  its  relay 
A  through  back  contacts.  Thus  relay  A  will  be  de-energized 
by  wheels  in  any  part  of  either  circuit. 
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SUBIMASY 

243.  "When  considering  any  track  circuit  arrangement  it  is 
necessary  not  only  to  provide  for  safe  operation  under  ordinary 
conditions,  but  under  exceptional  conditions  which,  although 
they  may  occur  very  seldom  in  practice,  are  liable  to  occur  at 
any  time.  The  possible  effects  of  battery  failures,  disconnected 
or  broken  wires,  crossed  wires,  broken  rails,  defective  insulation 
or  bonding,  poor  wheel  contact,  low  ballast  resistance,  etc., 
must  be  taken  into  account  and  the  circuits  arranged,  if  possible, 
so  that  any  resulting  failure  will  be  on  the  side  of  safety,  and 
will  attract  attention  so  that  the  proper  measures  may  be  taken 
to  remedy  the  defect  and  to  guard  against  accident. 
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EXAMINATION  QUESTIONS  AND  PROBLEMS 

(1)  What  is  a  normally  closed  track  circtiitt 

(2)  Name  an  arrangement  in  which  the  contact  points  of 
a  relay  forms  part  of  a  track  circuit. 

(3)  Define  the  term  baUast  resistance. 

Note. — In  problems  (4)  to  (7)  Inclusive,  the  following  conditions 
are  assumed  for  normally  closed  track  circuits;  effectiye  E.  M.  F.  of 
one  cell  of  gravity  battery,  1.07  volts;  internal  resistance  of  same, 
1.5  ohms;  resistance  of  relay,  4  ohms;  ballast  resistance,  16  ohms; 
and  resistance  of  wheel  shunt,  .02  ohm. 

(4)  With  the  track  unoccupied:  (a)  What  current  will 
pass  through  the  relay  if  the  battery  consists  of  2  cells  con- 
nected in  multiple?  (6)  What  will  be  the  current  output 
from  the  battery? 

(5)  With  the  track  occupied:  (a)  What  current  will 
pass  through  the  relay  with  battery  arrangement  H,  Pig.  88  T 
(6)     What  will  be  the  current  output  from  the  battery? 

(6)  With  a  current  output  from  the  battery  of  260  mil- 
amperes,  what  current  will  pass  through  the  relay,  when  the 
track  is  unoccupied? 

(7)  With  a  current  output  from  the  battery  of  1,500  mil- 
amperes,  what  current  will  pass  through  the  relay,  when  the 
track  is  occupied  by  a  train? 

(8)  Name  two  types  bf  battery  cells  applicable  to  normaUy 
closed  track  circuits. 

(9)  For  what  purpose  are  track  circuits  provided t 
(10)     What  is  a  single  rail  track  circuitt 
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(11)  UsiBg  track  battery  charts  Pigs.  89-92  in  calculating 
for  normally  closed  track  circuits:  (a)  What  will  be  the 
current  through  a  5-ohm  relay  with  battery  arrangement  C, 
Pig.  88,  when  the  ballast  resistance  is  1.1  ohms?  (6)  What 
through  a  9-ohm  relay,  with  battery  arrangement  B,  and  a 
ballast  resistance  of  4  ohms  T 

(12)  What  is  the  object  of  inserting  fuses  in  the  leads  of 
storage  batteries  used  on  track  circuits? 

(13)  What  would  be  the  result  if  a  storage  battery  were 
connected  into  a  track  circuit  without  artificial  resistance,  as- 
suming that  there  is  practically  no  resistance  in  the  battery 
leads? 


(14)  Why  are  relayed  track  circuits  used? 

(15)  What  is  a  polarized  track  circuit? 

(16)  On  a  certain  normally  closed  track  circuit  the  min- 
imum ballast  resistance  is  estimated  to  be  .9  ohm.  What 
artificial  resistance  will  it  be  necessary  to  insert  in  series  with 
a  6- volt  storage  battery,  to  insure  a  15%  working  margin  for 
a  5-ohm  relay? 

(17)  (a)  Which  relay  used  with  normally  closed  track 
circtiits,  3%  or  9-ohm,  is  more  likely  to  release  in  case  of  poor 
wheel  contact?     (6)     Which  in  case  of  a  broken  rail? 

(18)  Using  a  16-ohm  multiple  clearing  relay  in  connection 
with  a  4-ohm  relay,  what  current  will  pass  through  the  16-ohm 
relay  with  the  track  unoccupied,  if  ^  ==  1.8  volts;  6  =  1.4 
ohms;  and  the  ballast  resistance,  22  ohms. 

(19)  What  is  a  normally  open  track  circuit? 

(20)  Assuming  the  following  values  for  a  normally  open 
track  circuit ;  E=  .8  volt ;  6  =  .03  ohm ;  n  =  40  ohms ;  r  =  3^2 
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ohms;  8=.i)6  ohm.    (a)    What  current  will  pass  through  the 
relay  when  the  track  is  occupied?    {b)   "What  when  unoccupied? 

(21)  On  a  certain  normally  open  track  circuit,  the  min- 
imum ballast  resistance  of  which  is  estimated  to  be  25  ohms, 
it  is  desired  to  use  a  4-ohm  relay  allowing  a  working  margin 
of  109^ .  If  the  minimum  internal  resistance  of  the  battery  is 
estimated  to  be  .18  ohms,  what  is  the  maximum  effective  E. 
^I.  F.  which  mav  be  used? 

(22)  On  a  certain  track,  on  which  it  is  desired  to  install 
a  normally  open  track  circuit,  the  minimum  ballast  resistance 
is  estimated  to  be  4  ohms  per  1,000  ft.  What  is  the  maximum 
length  of  circuit  w^hich  can  be  operated  with  a  3^/^  ohm  relay 
and  a  battery  whose  maximum  effective  E.  IM.  F.  is  .75  volt, 
and  whose  minimum  internal  resistance  is  .02  ohm,  allo^^^ng 
a  working  margin  of  12V^%  below  the  drop-away  current  of 
the  relay? 

(23)  What  is  the  meaning  of  the  term  dead  tracks 

(24)  What  effect  would  a  break  in  jumper  B,  Fig.  129, 
tend  to  produce  upon  the  relay? 

(25)  W^hat  would  be  the  effect  of  a  battery  failure  upon 
the  relay  of  a  normally  open  track  circuit? 

(26)  What  effect  would  a  breakdown  of  switch  rod  insulation 
tend  to  produce  upon  the  relay  of  a  normally  closed  track 
circuit  ? 

(27)  What  types  of  batteries  are  most  suitable  for  use  with 
the  differential  clearing  relay  circuit,  Fig.  121? 

(28)  What  would  be  the  probable  effect  produced  upon  the 
relay  if  the  insulation  broke  down  in  joints  C  or  D,  Fig.  122, 
assuming  this  arrangement  formed  part  of  a  normally  closed 
track  circuit? 

( 29 )  If  a  portion  of  the  rail  between  joint  D  and  the  frog. 
Fig.  129,  is  removed;  what  effect  will  it  have  upon  the  relay? 

(30)  If  the  insulation  in  joint  C,  Fig.  129,  breaks  down; 
what  effect  will  it  have  upon  the  relay? 
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INSTALLATION  AND  MAINTENANCE 


TRACK  CONDITIONS 

244.  One  of  the  first  points  to  be  considered  in  the  installa- 
tion of  track  circuits,  is  the  general  condition  of  the  track.  As 
the  maximum  length  of  circuit  which  it  is  possible  to  operate, 
depends  upon  the  ballast  resistance  of  the  track,  it  is  necessary 
to  consider  the  character  and  condition  of  the  ties  and  ballast, 
and  also  the  drainage. 

245.  Ties:  The  principal  consideration  in  regard  to  the 
ties,  is  the  amount  of  moisture  which  the}-  contain.  If  they 
are  of  thoroughly  seasoned  wood,  and  the  weather  conditions 
frequently  permit  them  to  become  well  dried,  they  may  be 
counted  upon  to  assist  in  maintaining  a  high  ballast  resistance, 
as  dry  wood  is  a  fairly  good  insulator.  However,  such  a  con- 
dition is,  perhaps,  rather  the  exception  than  the  rule.  Green 
(unseasoned)  ties  are  often  used,  and  of  course,  on. account  of 
exposure  to  the  weather  and  from  other  sources,  all  ties  are 
subject  to  more  or  less  wetting.  Brine  dripping  from  refriger- 
ator cars  on  to  the  ties,  increases  considerably  their  conductivity. 
The  kind  of  ballast  used  should  also  be  considered ;  that  is,  with 
clean  stone  ballast  the  water  has  a  better  opportunity  to  drain 
away  from  the  ties,  than  with  closely  packed  ballast  such  as  clay, 
etc.  In  many  cuts  and  tunnels  the  ties  seldom  or  never  become 
very  dry. 

Chemically  treated  ties  produce  a  marked  effect  upon  the 
operation  of  track  circuits,  usually  tending  to  lower  the  ballast 
resistance.  This  is  especially  noticeable  in  the  case  of  ties 
treated  by  the  zinc  chloride  process,  although  the  effect  is  rapidly 
diminished  by  the  electrolytic  action  of  the  current  and  the 
consequent  insulating  effect  around  the  spikes  on  the  positive 
rail.  In  some  instances  it  has  been  thought  that  the  ties  act  as 
a  crude  form  of  storage  batter>%  producing  current  in  the  rails 
after  the  battery  is  disconnected. 
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246.  BallaBt:  As  in  the  case  of  the  ties,  the  amount  of 
moisture  contained  in  the  ballast  is  an  important  consideration. 
Aside  from  this,  however,  is  the  conductivity  of  the  material  of 
which  the  ballast  is  composed. 

The  various  kinds  of  ballast  are  described  in  the  order  of 
their  relative  values  for  track  circuit  purposes,  as  follows. 

247.  Stone.  Clean  crushed  stone  may  be  considered  the  best 
kind  of  ballast.  Its  large  voids  provide  good  drainage,  and  its 
high  electrical  resistance  prevents  current  from  passing  through 
the  material. 

248.  Gravel.  The  insulation  resistance  of  this  material  is 
good,  but  the  voids  are  usually  smaller  than  in  crushed  stone, 
and  thus  less  space  is  left  for  drainage.  Much  of  the  gravel 
used  contains  sand  which  tends  to  fill  the  voids. 

249.  Sand.  Sand  ballast,  while  it  readily  allows  water  to 
soak  through  it,  when  dry  blows  about  and  lodges  under  the 
rails  requiring  more  attention  to  keep  it  cleared  from  them, 
than  stone  or  gravel.  The  insulation  resistance  of  sand,  when 
dry,  is  fairly  good. 

250.  Loam  and  Clay.  Loam  and  clay  retain  a  large  amount 
of  moisture.  Loam  when  dry  forms  dust  which  lodges  under 
the  rail,  and  both  materials  when  wet,  tend  to  work  up  around 
the  rails,  or  in  other  words,  they  ''puddle'',  and  thus  allow  the 
track  to  settle  into  them. 

251.  Cinders.  Probably  the  worst  kind  of  ballast  usually 
found  in  practice  is  that  composed  of  locomotive  cinders,  which, 
although  they  contain  a  fair  percentage  of  voids,  thus  allowing 
water  to  soak  away,  are  frequently  made  up  of  a  large  per- 
centage of  carbon,  thus  forming  a  fairly  good  conductor.  Much 
of  this  carbon  is  in  the  form  of  coke  which,  being  light,  is  blown 
and  lodges  beneath  the  rails,  materially  lowering  the  ballast 
resistance. 

262.  From  the  foregoing  it  is  evident  that  in  order  to 
secure  good  results,  the  ballast  if  in  contact  with  the  rails^ 
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should  be  well  cleared  from  them,  before  attempting  to  operate 
the  circuit. 

253.  In  many  tunnels  the  ballast  resistance  is  low,  as,  al- 
though the  drainage  is  frequently  good,  the  water  dripping  from 
the  roof  generally  keeps  the  ties  and  ballast  saturated.  In 
addition,  practically  all  of  the  locomotive  sparks  (composed 
principally  of  carbon)  settle  upon  the  road-bed,  thus  lowering 
somewhat,  the  ballast  resistance. 

When  ballast  freezes  its  resistance  usually  increases  and 
therefore  trouble  may  be  experienced  on  circuits  installed  in 
cold  weather,  due  to  the  lowering  of  this  resistance  when  the 
ballast  begins  to  thaw  out. 

254.  Drainage:  The  standard  road-bed  of  most  railroads 
is  generally  designed  with  a  view  of  securing  good  drainage, 
but  occasionally  conditions  are  found,  especially  in  yards  and 
sometimes  in  cuts,  w^here  the  drainage  is  poor,  water  being  allowed 
to  collect  and  stand  around  the  rails.  This  condition  should  be 
remedied,  as  circuits  cannot  be  expected  to  operate  in  a  reliable 
manner  under  such  circimistances. 

255.  Highway  Orade  Crossings*  and  Station  Platforms:   A 

highway  grade  crossing  ordinarily  constitutes  a  weak  point  in 
a  track  circuit  for  several  reasons.**  Frequently  drainage  from 
the  highway  runs  on  to  the  track,  while  the  opportunity  for 
securing  good  drainage  from  the  track  is  usually  not  as  good 
at  the  crossing  as  on  the  regular  road-bed.  The  planking  pre- 
vents the  sun  and  free  circulation  of  air  from  reaching  the  ties 
and  ballast  in  the  crossing,  which  receive  and  thus  retain  a 
large  amount  of  moisture. 

266.  Station  platforms,  in  which  the  track  is  planked,  present 
a  condition  similar  to  the  highway  grade  crossing,  but  in  this 
case,  water  is  seldom  drained  on  to  the  track,  and  as  the  planks 
are  usually  somewhat  thinner  than  in  the  crossing,  and  fre- 
quently laid  with  a  small  space  between  them,  a  better  circula- 
tion of  air  is  provided  about  the  ties  and  ballast,  which  produces 
a  dryer  condition. 


^All  types  of  planked  crossingrs.  • 

**Other  reasons  are  griven  under  Bonding.  Art.  295. 


118  D.  C.  TRACK  CIRCUITS 

267.  In  some  cases  the  space  between  the  rails  at  crossings 
and  platforms  is  filled  with  small  crushed  stone  or  gravel.^  This 
of  course  has  a  greater  tendency  to  keep  the  ties  and  ballast 
in  a  moist  condition  than  where  planking  is  used  entirely. 

From  the  foregoing  it  is  obvious  that  the  ballast  resistance 
of  a  length  of  track  having  a  number  of  highway  grade  crossings 
or  a  considerable  length  of  station  platform  of  the  type  de- 
scribed, may  be  expected  to  have  a  lower  ballast  resistance  than 
would  otherwise  be  the  case. 

268.  Bridges  and  Structiures'*' :  As  unballasted  bridges  and 
structures  are  usually  well  drained  and  ventilated,  water  is  not 
likely  to  penetrate  the  ties  (or  timber  to  which  the  rails  are 
secured).  If  the  structure  is  built  principally  of  wood,  the 
resistance  from  rail  to  rail  is  likely  to  be  quite  high.  Again, 
if  the  main  part  of  the  structure  is  of  steel,  and  the  rails  are 
laid  on  ties,  or  timbers,  which  are  entirely  above  the  girders 
upon  which  they  rest,  so  that  no  portion  of  the  steelwork  comes 
nearer  to  the  rails  than  the  depth  of  the  ties,  a  good  insulation 
resistance  will  usually  be  obtained. 

269.  However  it  sometimes  happens  that  portions  of  the 
steelwork  extend  up  between  the  ties.  As  the  ties  become  worn 
they  allow  the  rails  t^  come  so  close  to  the  rivet  heads,  etc.,  that 
in  wet  weather  the  space  between  is  spanned  by  water,  and  as 
the  rest  of  the  path  (formed  by  the  steel  structure)  is,  of  course, 
a  very  good  conductor,  the  resistance  between  the  rails  is  greatly 
reduced.  In  such  instances  this  condition  must  be  improved 
before  the  circuit  will  operate  properly.  To  do  this,  new  ties 
should  be  installed,  but  in  case  this  method  is  impracticable, 
the  rails  may  be  raised  by  the  iLse  of  J  in.  boards,  commonly 
known  as  shims. 

260.  In  some  types  of  construction  the  rails  are  laid  directly 
upon  the  steel  flooring,  in  which  case  it  is  necessary  to  insulate 
them  from  the  structure ;  this  is  usually  accomplished  by  a  suit- 
able application  of  vulcanized  fiber. 


*Arch  bridges,  on  w^^ch   the  ballast  arrangrement  is  the  same  as  on 
ordinary  track,  are  of  course  not  considered  in  this  connection. 
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261.  On  ballasted  steel  structures  the  insulation  resistance 
between  the  rails  is  usually  rather  low,  on  account  of  the  small 
amount  of  ballast  used  and  the  consequent  proximity  of  the  rails 
to  the  steelwork. 

262.  Maintenance:  Occasional  inspection  of  the  track  is 
necessary.  Ballast  tends  to  collect  about  the  rails,  and  in  some 
instances  lowers  the  resistance  between  them.  The  drainage 
should  also  be  observed,  and  not  allowed  to  become  defective. 
Unless  these  matters  are  given  proper  attention,  the  ballast  resis- 
tance of  the  track  will  gradually  be  lowered,  and  failures  are 
apt  to  result. 

263.  Another  point  to  be  considered  is,  that  if  the  ballast 
is  allowed  to  come  into  contact  with  the  rails,  it  will,  in  some 
eases,  reduce  the  efficiency  of  the  circuit  to  detect  broken  rails, 
on  account  of  the  path  which  the  ballast  provides,  around  a 
break  in  the  rail. 

264.  If  in  renewing,  a  large  number  of  green  ties  are  in- 
stalled, the  insulation  resistance  between  the  rails  will  be  con- 
siderably reduced.  If  this  reduction  is  sufficient  to  affect  the 
operation  of  the  relay,  it  must  be  overcome  by  increasing  the 
batter>'  power.  In  tunnels  and  at  other  points  where  the  ballast 
resistance  gradually  becomes  lowered  due  to  damp  conditions, 
the  effect  thus  produced,  may  be  remedied  in  a  similar  manner. 
However,  if  the  practicable  limit  of  battery  power  is  reached 
without  securing  the  proper  operation  of  the  relay,  either  dry 
ties  should  be  installed,  or  the  track  circuit  shortened,  by  relay- 
ing (Art.  1G9),  or  otherwise.  Where  it  is  not  desired  to  use 
either  of  these  methods,  temporary  relief  may  be  obtained  by 
pouring  oil*  around  the  base  of  the  rails,  this  tending  to  insulate 
them  from  the  ties  and  ballast. 

266.  On  steel  structures  where  the  ties  rest  upon  girders, 
which  are  frequently  located  beneath  the  rails,  failures  are  some- 
times caused  by  long  spikes  being  driven  through  the  ties,  making 
connection  between  the  rails  and  the  structure. 


*Cheap  black  oil  is  grenerally  used. 
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266.  DrUUng;  One  of  the  most  important  features  Id  con- 
uection  with  the  installation  of  track  circuits  is  a  practical 
method  for  drilling  the  necessary  holes  throiigh  the  rails,  in 
which  to  secure  the  bond  wires. 

For  this  work  there  have  been  designed  several  types  of  special 
track  drilling  machines,  most  common  among  which  are  the 
Wilson  track  drill,  Figs.  137-138,  and  the  Union  track  drill. 
Figs.  139-140.  The  principal  advantage  of  the  "Wilscm  machine 
is  its  self-feeding  feature,  while  the  advantage  of  the  Union 
machine  is  the  fact,  that  it  may  be  used  for  drilling  holes,  not 
only  in  the  web,  but  also  in  the  6ase  of  the  rail;  the  latter 
provision  being  necessary  when  installing  the  plug  bond,  as 
shown  in  Fig.  6. 

Care  should  be  taken  that  the  holes  are  drilled  completely 
through  the  rail,  leaving  no  burr  to  interfere,  when  driving  the 
channel  pins  or  plugs. 
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The  machine  is  placed  upon  the  rail  as  illustrated  in  Fig. 
137,  first  running  the  spindle  as  far  back  as  it  will  go  and 
placing  the  toggle  lever  at  the  back  of  the  machine,  in  its 
lower  position  as  shown.  Care  should  be  taken  that  the  ends 
of  both  hooks  bear  against  the  rail,  in  order  that  the  hole 
will  be  driUed  straight  through  the  web.  The  base  of  the 
machine  must  stand  firm  and  square  on  the  ties  so  that  the 
hooks  will  rest  evenly  on  the  top  of  the  rail.  Unless  these  pre- 
cautions are  taken,  the  strain  on  the  drill  will  cause  it  to  run 
hard  and  heat  up,  and  will  frequently  result  in  breaking  it.  To 
steady  the  machine,  one  foot  is  placed  upon  the  half  circle  foot 
plate.  The  toggle  lever  is  then  raised  as  shown  in  Fig.  138, 
which  carries  the  sliding  frame  forward  and  brings  the  drill 
close  to  the  rail.  The  driving  of  the  drill  spindle  is  performed 
by  the  forward  (nearest  the  rail)  set  of  gears,  the  large  wheel 
of  which  is  mounted  loosely  on  the  crank  shaft,  and  the  feeding 
by  the  other  set.  The  drill  point  should  now  be  moved  into 
contact  with  the  web  of  the  rail  by  holding  the  forward  sprocket 
wheel,  and  revolving  the  crank.  When  the  drill  point  presses 
against  the  rail,  the  pawl  or  latch,  which  is  pivoted  to  the  crank 
shaft,  is  moved  into  engagement  with  one  of  the  spokes  of  the 
forward  wheel,  causing  it  to  turn  with  the  crank. 

After  the  hole  is  drilled,  unless  it  is  desired  to  remove  the 
machine  quickly,  it  should  be  fed  back  until  the  drill  clears 
the  hole,  before  the  toggle  lever  is  thrown  back.  This  will  gauge 
the  position  of  the  spindle  for  the  next  hole  to  be  drilled. 

At  certain  points,  such  as  bridges  and  structures,  it  is  some- 
times impossible  to  use  this  type  of  drilling  machine,  on  account 
of  the  interference  of  guard  rails  and  guard  timbers. 

268.  The  Union  Track  Drilling  Machine,  (Figs.  139-140). 
This  machine  is  clamped  to  the  head  of  the  rail  by  press- 
ing down  the  lever,  shown  extending  to  the  right  in  the 
illustrations,  the  clamp  being  adjustable,  so  that  it  may  be 
fitted  to  any  size  of  rail.  As  will  be  seen,  the  spindle  is  driven 
by  the  crank  at  the  side  of  the  machine,  through  bevel  gears, 
the  feed  being  controlled  by  the  handle  at  the  end  of  the  mach- 
ine. Considerable  care  must  be  exercised  in  feeding  when  the 
drill  point  is  breaking  through,  as  if  fed  too  fast,  the  drill  will 
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be  required  to  cut  more  metal  than  it  will  ordinarily  stand,  and 
Diay  in  couseriuence  be  broken.  After  the  hole  has  been  drilled 
st  be  fed  back,  withdrawing 
if  the  hole,  before  the  clamp- 
lised,  otherwise  the  drill  is 
iken.  A  ^J  in.  round  shank 
rily  used   when  drilling  for 


s  a  wide  diversity  of  opinion 
ase  of  oil  or  drilling  solution 
point.  Much  dry  drilling 
lis  requires  more  labor  and 
erably  the  life  of  the  drills. 
tly  used,  being  very  satis- 
factory for  drilling  pnr- 
posi-s.  but  as  it  is  a  non- 
conductor it  is  thought  that 
the  oil  remaining  in  the 
joint  when  completed  will 
reduce  its  conductivity,  al- 
though many  engineers  con- 
sider this  objection  negli- 
gable.  A  solution  of  salsoda 
Fig,  ,S9  (sodium  carbonate  crystals) 

and   water,*  is   sometimes   employed   with   good   results.     Al- 
though it  has  not  the  lubricating  properties  of  oil.  if  keeps 


the  drill  pool,  is  a  fairly  good  conductor  and  tends  to  prevent 
rusting. 

270.  Care  should  be  taken  when  drilling  near  old  holes  or 
near  the  edge  of  the  rail  base,  that  a  sufficient  distimce  is  pro- 
vided to  insure,  that  when  the  pin  or  plug  is  driven,  the  hole 
will  not  spread.  Between  the  edge  of  the  rail  and  the  hole,  at 
least  S  in-  of  metal  should  be  allowed. 

271.  Drill  Orinding.  In  order  to  secure  good  results  the 
drills  should  be  accurately  ground.     As  it  is  very  difTieult  to 

do  this  when  the  drill  is  held  by 
hand,  this  method  should  be  em- 
ployed only  when  other  nieaus  are 
not  available. 

The  principal  part  of  one  type 
of  drill  grinding  machine  is  shown 
in  Fig.  Ul.  It  will  be  noted  that 
the  drill  is  held  in  position  for 
grini:ling  by  a  pivoted  frame,  ad- 
justable to  any  length  of  drill.  As 
the  emery  wheel  is  revolved,  this 
frame  is  moved  back  and  forth 
upon  its  pivot,  thus  drawing  the 
•"*■  »■"  drill  point  across  the  face  of  the 

wheel,  and  grinding  one  lip  of  the  drill.  This  operation  is  re- 
peated on  the  opposite  lip.  care  being  taken  that  both  lips  are 
ground  alike;  if  ground  one-sided  it  will  probably  drill  too 
large  a  hole.  This  type  of  machine  is  arranged  to  be  operated 
either  by  hand,  or  by  power. 

"Where  many  drils  are  ased  they  are  generally  sharpened  on 
a  power  grinder,  this  method  giving  the  best  results. 

272.  Applying  Bond  Vt ires:  Two  method.s  of  applying  bond 
wires,  by  means  of  channel  pins  or  bonding  tubes,  are  shown 
in  Figs,  142-143.  It  will  be  observed  that  two  bond  wires  are 
installed  at  each  joint,  the  object  of  this  arrangement  being, 
that  in  ease  one  should  become  broken  or  otherwise  deranged, 
the  other  will  still  Ik'  effective  to  maintain  good  conductivity 
around  the  joint. 


124  D.   C.   TRACK  CIRCUITS 

273.    Althoi^h  in  the  illustrations  the  wires  are  shown  outside 
of  the  angle  bars,  they  are  sometimes  located  inside.     The  use 


of  copper  or  copper  clad  steel  bond  wires  behind  splice  plates  is 
permissable,  bat  iron  wires  should  not  be  so  placed  as  they  will 
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rust  quickly  and  on  account  of  the  difSculty  of  inspection  are 
very  likely  to  become  a  source  of  trouble. 

Bond  wires  are  usually  placed  on  the  gauge  side  of  the  rail, 
but  in  some  cases  one  wire  is  placed  on  each  side. 

274.  In  tunnels  and  at  highway  grade  crossings  and  st.ation 
platforms  the  following  is  recommended  practice:  At  joints  in 
tunnels,  copper  or  copper  clad  steel  wire  should  be  used.  At 
joints  in  highway  crossings  and  station  platforms  two  iron  or 
copper  clad  wires  should  be  used  on  the  gauge  side  of  the  rail, 
and  also  two  copper  or  copper  clad  wires  outside  of  the  rail,  the 
latter  being  a  protection  in  case  the  wires  on  the  gauge  side  of 
the  rail  should  be  broken  when  removing  ice,  etc.,  from  the 
flangeways.  The  copper  or  copper  clad  wires  are  used  at  these 
points  on  account  of  the  corroding  effect  which  water,  etc.,  has 
upon  iron. 

The  spacing  of  the  holes  for  bonding,  varies  on  different  roads, 
dimension  A.  Fig.  142  being  from  2.J  in.  to  Z  in.  and  dimension 
B.  from  2  in.  to  3  in.  These  dimensions  need  not  be  followed 
with  a  great  degree  of  accuracy  as  the  exact  position  of  the  holes 
is  not  a  matter  of  extreme  importance.  Of  course,  the  nearer  to 
the  end  of  the  rail  that  the  bonds  are  attached,  the  greater  the 


amount  of  broken  rail  protection  provided,  (Art.  122),  the 
spacing  given  being  desirable  for  convenience  in  applying  and 
maintaining  the  bonds. 

276.    A  method  of  applying  the  plug  bond  to  the  base  of  the 
rail,  is  shown  in  Fig.  144.    Dimensions  A  and  B  are  the  same 


as  those  given  in  connection  with  Fig.  142,  although  they  will 
be  varied  on  aeeount  of  the  necessity  for  keeping  the  bond  ter- 
minals well  clear  of  the  spike  heads,  as  the  creeping  of  the  rails 
is  likely  to  bring  them  into  contact  and  result  in  damaging 
the  terminals. 

276.  It  will  be  noted  in  the  illustrations  that  the  wires  are 
not  stretched  tightly  along  the  joints,  considerable  slack  being 
allowed.  This  slack  is  necessary  first,  because  of  the  expansion 
of  the  rails,  second,  because  it  assists  in  overcoming  the  vibra- 
tion from  passing  trains  which  tends  to  break  the  wires  where 
they  arc  attached  to  the  rails,  and  third,  to  permit  the  renewal 
of  the  splice  plates,  without  disconnecting  the  bond  wires.  That 
portion  of  the  wire,  in  Figs.  143-144,  extending  beyond  the 
terminal,  is  known  as  an  expansion  loop. 

277.  When  using  channel  pins  or  bonding  tubes,  for  attaching 
bond  wires,  the  following  method  of  procedure  will  give  satis- 
factory results.  Before  attaching  the  bond  wires,  the  condition 
of  the  ends,  should  be  noted ;  that  is,  whether  or  not  the  parts 
of  the  wire  which  come  into  contact  with  the  pins  or  tubes, 
are  clean,  any  corrosion  or  other  foreign  substance  being  re- 
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moved  by  the  use  of  ernerj'  cloth  or  sand  paper.  Dirt  sometimes 
lodges  within  the  bonding  tubes,  which  should  be  removed  before 
they  are  used. 

The  next  step  is  to  make  a  right  angle  bend  at  one  end  of 
the  wire*,  being  careful,  in  the  case  of  iron  wire,  that  when 
so  doing,  the  bend  is  not  made  too  sharp,  as  it  would  be  likely 
to  crack  the  galvanizing,  causing  it  to  flake  off.  If  the  wire 
is  to  be  put  between  the  splice  plate  and  the  rail,  it  should 
now  be  pushed  into  position.  The  end  of  the  wire  which  has 
IxM'u  bt^nt,  is  now  passed  through  the  hole  and  a  pin  or  tube 
is  placed  upon  it  with  the  large  end  flush  with  the  end  of  the 
wire,  after  which  both  are  pushed  back  into  the  hole  and  driven 
home*,  as  nearly  flush  with  the  rail  as  possible.  A  strong 
mechanical  joint  and  a  good  electrical  connection  are  thus  ob- 
tained, on  accoimt  of  the  compression  which  takes  place,  owing 
to  the  combined  cross-sectional  area  of  the  pin  and  wire  being 
greater  than  that  of  the  hole. 

The  wire  is  now  formed  into  its  permanent  shape,  first  at 
the  end  already  secured  and  then  at  the  opposite  end,  finally 
making  a  right  angle  tiu*n  directly  opposite  the  hole  in  which 
it  is  to  be  secured.  This  end  is  now  bonded  into  the  rail  in 
the  manner  just  described,  thus  completing  the  bond. 

Care  should  be  taken,  that  the  wires  be  placed  in  their  proper 
holes;  for  instance,  the  wire,  one  end  of  which  is  fastened  in 
hole  C,  Fig.  142,  is  secured  at  the  other  end,  in  hole  D. 

278.  Some  engineers  advocate  the  dipping  of  channel  pins 
in  oil,  the  lubricating  effect  permitting  the  pin  to  be  more 
readily  driven.  Others  object  to  this  practice  on  account  of  the 
insulating  effect  of  the  oil. 

279.  Channel  pins  are  sometimes  used  in  attaching  bond 
wires  to  the  base  of  the  rail.  When  so  applied  the  channel 
pin  must  of  course,  be  driven  from  the  side  of  the  rail  on 
which    the    wire    extends,  and   therefore   the   channel   pin   set 

^__^^^^^^^^^^^^^^^^^    shown    in    Fig.    145,   is    em- 
ij  <c        i]    ployed,  the  groove  fitting  over 

the  wire. 

FiB.   145 


♦The  distance  from  the  end  of  the  wire  to  the  turn.  i»  governed  by  the 

permanent  shape  which  the  wire  is  to  have. 
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280.  The  method  of  applying  the  plug  bonds  shown  in  Fig. 
144,  will  now  be  described.  As  the  wire  is  soldered  to  the  plug 
at  the  factory,  the  next  step,  after  drilling  the  hole,  is  to  make 
the  attachment  to  the  rail.  The  first  plug  should  be  driven  in 
one  of  the  holes  next  to  the  splice  plate,  being  careful  that  when 
starting  to  drive  it,  its  axis  is  in  line  with  that  of  the  hole.  The 
plug  should  be  driven  to  the  shoulder,  care  being  taken  that 
the  hammer  does  not  strike  the  edge  of  the  head  or  the  wire, 
as  it  will  probably  break  the  solder,  thus  loosening  the  joint 
and  ruining  the  bond.  The  wire  is  now  bent  into  its  permanent 
form  and  the  other  plug  driven.  As  before  noted  the  diameter 
of  the  hole  is  ^f  in.,  while  that  of  the  plug  is  J  in.,  thus  a 
driving  fit  is  secured,  making  a  good  mechanical  and  electrical 
connection. 

281.  It  is  ordinarily  not  feasible  to  install  this  type  of  bond 
behind  the  splice  plates,  as  it  generally  requires  their  removal 
to  do  so,  on  account  of  the  plugs  being  soldered  to  the  bond 
wires. 

282.  Plug  bonds  are  sometimes  attached  to  the  web  instead 
of  the  base  of  the  rail.  Although  somewhat  more  difficult  to 
drive  they  are  free  from  interference  with  spikes. 

283.  A  2  lb.  machinists'  hammer  is  generally  used  when 
bonding.  A  lighter  hammer,  on  account  of  the  greater  number 
of  blows  necessary,  batters  up  the  heads  of  the  pins  or  plugs, 
while  a  heavier  hammer  is  likely  \o  buckle  or  bend  them. 

284.  It  is  very  desirable  that  the  holes  be  plugged*  the  same 
day  that  they  are  drilled,  as  the  bright  surface  of  the  steel  inside 
the  hole  oxidizes  (rusts)  rapidly  when  exposed  to  the  action 
of  the  atmosphere.  As  iron  rust  is  a  poor  conductor,  its  presence 
greatly  reduces  the  conductivity  of  the  bond.  If  for  any  reason 
holes  cannot  be  plugged  the  same  day,  they  should  be  protected 
against  rusting,  by  the  use  of  oil,  vaseline,  etc.  When  ready 
to  plug  the  drill  should  again  be  run  through  them. 

Holes  that  have  become  badly  rusted,  owing  to  their  remain- 


•Thls   is   a   general   term   indicatingr   the   attaching   of   bond   wires   by 
means  of  channel  pins,  bonding  tubes  or  plugs. 


128 


D.  C.  TRACK  CIECUITS 


d 


ing  unplugged  for  a  considerable  length  of  time,  should  not 
be  used. 

286.  In  ease  a  channel  pin  or  bonding  tube  is  poorly  driven, 
it  can  be  removed  with  the  aid  of  the  punch  shown  in  Fig.  146, 

first  cutting  oflf  the  bond  wire. 

If  for  any  reason  it  is  desired 

to  remove  a  plug,  the  head 

***«•  *^  should  first  be  broken  oflf,  by 

striking  it  a  sharp  blow  on  the  side,  after  which  the  stub  is 

driven  out  with  the  punch. 

286.  Bonding  at  Switches  and  Frogs,  At  points  in  track 
circuits  where  switches  and  frogs  occur,  special  bonding  con- 
ditions arise.    In  Fig.  147  is  illustrated  a  common  arrangement 


ssr 
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of  bonds  at  switches.  Terminals  A  should  be  as  close  to  ter- 
minals B,  as  it  is  convenient  to  place  them,  in  order  to  have 
as  much  of  the  main  rail  in  series  as  practicable.  Bond  wires  C, 
are  frequently  stapled  to  the  ties,  to  keep  them  out  of  the  way. 
Where  the  reinforcing  of  switch  points  interferes  with  bond- 
ing into  the  web  of  the  rail,  the  bond  wires  must  be  attached 
to  the  base. 


287.    Although  frogs  are  bolted  or  riveted  together  they  can- 
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not  be  depended  upon  to  produce  a  good  path  for  the  current; 
it  is  therefore  necessary  to  bond  them.     In  Fig.  148  is  shown 
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a  method  for  bonding  at  frogs.  Where  space  permits,  bond 
wires  A  are  sometimes  installed  in  rigid  frogs,  instead  of  wires 
B,  in  which  case  main  rail  C  is  placed  in  series;  thus  broken 
rail  protection  is  secured  for  this  length  of  rail. 

On  account  of  the  different  sizes  of  frogs  and  the  various 
practices  prevailing,  several  other  arrangements  of  bonds  may 
be  used  to  advantage.  However,  in  all  cases  the  bonding  should 
be  such,  that  it  will  be  impossible  to  remove  the  frog  without 
breaking  the  circuit. 

288.  An  arrangement  for  bonding  at  derails  is  shown  in 
Fig.  149. 


» 
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289.  Occasionally  at  switches  and  derails  and  especially  at 
frogs  it  is  often  desirable  to  use  bond  wires  longer  than  those 
required  at  the  ordinary  joints.  In  such  instances,  to  secure 
greater  strength  and  also  to  produce  a  neater  appearance,  these 
long  bond  wires,  or  jumpers,  are  frequently  twisted  together 
and  are  sometimes  stapled  to  the  ties. 

290.  As  it  is  frequently  necessary,  at  switches,  frogs  and 
guard  rails,  to  drive  channel  pins  from  the  side  of  the  rail  on 
which  the  wire  extends,  the  channel  pin  set,  Fig.  145,  can  be 
used  to  advantage. 

291.  The  jumper  wires  should  if  possible  be  kept  from  under 
the  wooden  blocking  or  foot-guards,  occurring  at  frogs,  switches, 
etc.,  on  account  of  the  difficulty  of  inspection  if  placed  beneath 
them. 

292.  Maintenance:  Frequent  inspection  of  bond  wires  is 
necessary.  Vibration  due  to  passing  trains  sometimes  causes 
them  to  break.    The  expansion  and  contraction  of  the  rails  often 
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bows  the  wires,  forcing  them  into  such  a  position,  that  upon  the 
passing  of  a  train  they  will  be  caught  under  the  spike  heads  and 
damaged.  It  is  the  practice  on  some  roads  to  overcome  this  by 
driving  the  spikes  reversed,  that  is  with  the  back  of  the  spikes 
towards  the  splice  plate,  as  shown  in  Pig.  142.  As  copper  is 
softer  than  iron,  bonds  of  this  material  are  more  apt,  in  such 
instances,  to  be  cut  by  the  spikes.  When  the  bonds  are  attached 
to  the  base  of  the  rail,  care  must  be  taken  to  see  that  spikes  are 
not  driven  too  close  to  the  terminals,  (Art.  275),  while  in  some 
cases,  either  the  spikes  have  to  be  moved  or  the  bonds  renewed 
owing  to  excessive  creeping  of  the  rails. 

293.  Bond  wires  are  frequently  injured  or  broken  by  track- 
men working  about  the  rails ;  for  instance,  when  renewing  bolts 
or  splice  plates,  a  bond  wire  may  be  pinched  under  a  splice 
plate  or  bolt  head,  and  when  located  inside  the  splice  plates, 
may  be  accidentally  cut  off  when  driving  in  a  new^  bolt.  When 
renewing  ties,  and  when  surfacing  or  shimming  track,  etc.,  the 
w^ires  are  often  damaged  by  the  tools  employed. 

294.  Where  a  large  number  of  refrigerator  cai^  pass  over  the 
track,  the  salt  water  dripping  from  them,  causes  iron  rail  bonds 
to  rust  quickly. 

295.  One  of  the  most  difficult  points  at  which  to  maintain 
bond  w^ires  is  at  highway  grade  crossings.  First,  on  account  of 
the  comparatively  damp  condition,  the  wires  are  subject  to  a 
great  deal  of  corrosion;  second,  they  are  difficult  to  inspect; 
third,  as  before  noted,  they  are  often  damaged  when  picking  ice 
from  the  flangeways;  and  finally,  salt  placed  in  the  fiangeway^ 
to  keep  them  clear  of  ice,  adds  greatly  to  the  corroding  effect. 

296.  At  frogs  and  switches  the  renewal  of  ties  and  of  the 
wooden  blocking,  sometimes  results  in  damage  to  the  jumper 
wires.  Also  the  use  of  salt,  to  keep  the  switches,  frogs  and 
guard  rails  free  from  ice,  tends  to  corrode  the  bonds. 

297.  At  points,  such  as  bridges,  structures,  fills,  etc.,  where 
long  guard  rails  are  in  use,  the  bond  wires  should  not  come 
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into  contact  with  them.  If  allowed  to  do  so  they  will  be  likely 
to  interfere  with  the  operation  of  the  circuits ;  for  instance,  the 
guard  rails  are  often  brought  together  at  the  ends,  as  shown  in 

II  ^^  tl     Fig.    150,   in    which 

case,  the  relay  might 
be  shunted,  if  bond 
wires,  as  at  A  and 
B,  come  into  contact 
with  them.  In  other 
instances,  where  the  guard  rails  span  two  circuits,  and  are 
not  joined  at  the  ends,  as  in  Pig.  151,  current  from  battery 
A  of  one  circuit  might  energize  relay  B  of  the  other,  owing  to 
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the  bond  wires  C,  touching  the  guard  rails  and  thus  forming 
a  path  around  the  insulated  joints  as  indicated  by  the  arrows. 
If  the  circuits  are  otherwise  in  good  order,  they  will  operate 
as  usual  and  thus  such  a  condition  remain  undiscovered;  but 
in  the  event  of  defective  bonding  or  a  broken  rail,  for  example, 
at  point  D,  relay  B  would  be  energized  by  battery  A,  with  a 
train  occupying  the  position  shown,  thus  producing  a  very 
dangerous  condition. 


298.  When  renewing  rail  bonds,  it  is  not  advisable  to  remove 
old  channel  pins  or  bonding  tubes,  with  a  view  of  using  the 
same  holes.  The  labor  involved  in  so  doing,  is  usually  greater 
than  that  required  to  drill  new  holes,  and  further  the  results 
obtained  are  generally  not  so  good.  With  the  plug  bond,  the 
old  holes  are  often  used  to  advantage. 

When  removing  defective  bonds,  they  should  be  cut  oflP  close 
to  the  rail,  a  cold  chisel  being  useful  for  this  purpose. 
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INSULATED  KAIL  JOINTS 

299.  It  is  the  practice  on  many  railroads  to  have  the  insul- 
ated rail  joints  installed  and  maintained  by  the  track  department, 
under  the  supervision  of  the  signal  department.  On  account  of 
such  supervision,  it  is  necessary  that  the  signal  forces  be  familiar 
with  the  proper  method  of  procedure. 

The  insulated  rail  joints  separating  two  adjacent  double  rail 
track  circuits,  should  be  located  sa  nearly  opposite  as  possible, 
although  it  is  not  necessary  to  cut  rails  to  do  this,  except  where 
the  joints  are  so  far  apart  that  the  resulting  dead  section  would 
be  long  enough  to  contain  a  car  or  engine  without  shunting 
either  circuit. 

300.  Installation:  As  the  installation  of  an  insulated  rail 
joint  renders  the  track  temporarily  unsafe  for  the  passage  of  a 
train,  on  accoimt  of  the  removal  of  the  splice  plates,  it  is  neces- 
sary before  beginning  the  work  to  take  the  proper  precautions, 
which  generally  requires  the  putting  out  of  a  flag. 

301.  Unless  absolutely  necessary  insulated  rail  joints  should 
not  be  installed  at  the  end  of  a  rail  that  has  been  cut  with  a 
track  chisel*  on  account  of  rapid  wear  that  such  an  end  will 
produce  on  the  fiber  end  post.  In  any  case  such  a  joint  should 
not  be  allowed  to  remain  in  service,  a  rail  having  a  sawed  end, 
being  substituted  as  soon  as  possible.  If,  however,  it  is  necessary 
to  install  such  a  joint  as  a  temporary  arrangement,  the  rough 
parts  of  the  chiseled  end  should  be  trimmed  off  with  a  cold 
chisel  and  all  sharp  edges  battered  down  with  a  hammer.  As  in 
many  cases  only  one  end  of  a  length  of  rail  is  chiseled,  it  may 
be  turned  end  for  end  to  produce  the  desired  results. 

302.  If  owing  to  expansion,  the  rail  ends  are  too  close  together 
to  readily  receive  the  end  posts,  care  must  be  exercised  that 
when  separating  them,  they  are  not  battered  as  is  liable  to  be 
done,  by  spreading  them  with  a  track  chisel,  thus  producing  a 
siu^face  that  will  quickly  wear  through  the  fiber. 


*  Blacksmith's  cold  chisel. 
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303. .  After  the  regular  splice  plates  have  been  removed,  the 
bolt  holes,  if  fiber  bushings  are  to  be  placed  in  the  web  of  the 
rail,  must  be  reamed  to  receive  them.  This  is  usually  done 
with  the  aid  of  a  sleeve  ratchet  held  in  place  b^  a  short  piece 
of  rail  spiked  to  the  ties,  or  by  a  ratchet  clamp* 

After  the  reaming  is  completed,  care  must  be  taken  to  re- 
move all  steel  chips,  as  they  are  liable  to  bridge  some  part 
of  the  fiber  insulation,  and  thus  allow  current  to  pass  through 
the  joint. 

304.  Where  portions  of  the  insulated  joint  extend  between 
the  rail  base  and  the  ties,  the  ties  have  to  be  dapped  with  an  adz 
to  receive  them. 

306.  The  next  step  is  to  put  the  joint  in  place,  being  careful 
to  insure  that  all  fiber  parts  are  in  their  proper  position.  If 
the  bolts  cannot  be  easily  pushed  into  place,  they  should  not  be 
driven,  as  it  is  very  likely  to  injure  the  fiber  bushings  and 
washers.  If  the  bolt  holes  do  not  align  properly,  the  trouble 
is  generally  caused  by  the  contraction  of  the  rails,  which  may 
be  remedied  by  bringing  the  rail  ends  closer  together  and  thus 
aligning  the  bolt  holes. 

306.  Maintenance:  The  insulated  rail  joint  performs  an 
important  function  in  connection  with  the  track  circuit,  and 
therefore  frequent  inspection  is  very  desirable.  As  the  insul- 
ating parts  are  constantly  compressing  it  is  often  necessary  to 
tighten  the  bolts.  It  is  also  imperative  that  the  joint  be  well 
supported.  If  these  matters  are  neglected,  the  insulating  parts 
will  wear  rapidly,  with  resulting  failures. 

307.  Contraction  of  the  rails  will  sometimes  cause  trouble  by 
cutting  the  fiber  bushings,  while  expansion  will  frequently  so 
compress  the  end  posts,  that  the  burr  which  is  formed  by  the 
wheels  at  the  top  of  the  rails  will  bridge  them;  thus  in  either 
case  current  is  allowed  to  pass  through  the  joint.  The  burr  on 
the  rail  ends  should  occasionally  be  removed  with  a  cold  chisel, 
the  chip  not  being  permitted  to  drop  into  the  joint. 


*A  steel  bracket 
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308.  In  damp  climates  and  at  points,  such  as  tunnels,  etc., 
where  insulated  rail  joints  are  subject  to  a  great  deal  of  damp- 
ness; the  fiber  absorbs  much  moisture  and  in  consequence  be- 
comes soft,  causing  it  to  wear  out  quickly,  and  also  lowering 
considerably,  its  insulation  resistance. 

In  some  cases  it  is  advantageous  to  coat  the  fiber  insulation 
with  heavy  oil  or  other  insulating  compound,  before  the  joint 
is  installed,  applying  additional  coats  to  exposed  parts  of  the 
fiber  at  frequent  intervals. 

309.  In  rare  cases,  such  as  subways,  where  the  traflSc  is  heavy 
and  stations  frequent,  trouble  has  been  experienced  by  steel 
dust  from  brake  shoes,  collecting  at  the  joints,  so  as  to  span 
the  ends  posts.  In  such  instances  the  joints  should  be  swept 
regularly. 

310.  When  renewing  bolts  in  insulated  joints  care  must  be 
exercised  that  the  fiber  bushings  are  not  damaged,  it  being  re- 
membered that  on  account  of  contraction  the  bolts  are  often 
more  difficult  to  put  in  place,  than  when  originally  installed. 

311.  Testing.  It  is  desirable  to  have  some  means  for  testing 
insulated  rail  joints  while  in  service,  as  all  the  insulating  parts 

cannot  be  inspected  without  tak- 

}    p      '  I        ^E ~|    ing  the  joint  apart.     A  method 

Ne^  used  to  accomplish  this  is  shown 


^  ^  by  the  diagram,  Pig  .152,  in  which 

one  cell  of  dry  battery,  a  resis- 
-{a)^P      ^  tance   of   one   ohm,    and   a   mil- 

ammeter  reading  to  1,500  mil- 
amperes,  are  employed.  The  purpose  of  the  one  ohm  resistance 
is  to  protect  the  meter  from  injury,  in  case  of  extremely  low 
resistance  in  the  joint. 

312.    As  it  is  necessary"  to  insure  good  contact  on  to  the 

^flSinqUConduelor  ,   .  .  , 

LompOord^^jg*3l5W^555:5,r-»oU«r«a  Joinfr 
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rails  and  the  joint,  the  common  practice  is  to  use  small  files 
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as  terminals  for  wires  B  and  C,  so  that  a  clean,  bright  contact 
may  be  readily  made.  The  files  are  usually  arranged  as  shown 
in  Fig.  153. 

313.  Assuming  that  it  is  desired  to  ascertain  if  there  is  a 
break-down  of  insulation  in  a  joint,  in  which  the  bolts  are  in- 
sulated from  the  splice  plates  and  not  from  the  rails,  as  in  Pig. 
9,  the  procedure  will  be  as  follows:  First,  one  terminal  is  con- 
nected to  rail  D,  Fig.  152,  and  the  other  to  splice  plate  F.  If 
the  meter  shows  no  appreciable  deflection  it  indicates  that  the 
insulation  between  these  parts  is  in  good  condition.  The  same 
test  should  now  be  made  between  D  and  G,  E  and  F,  and  E 
and  G.  If  the  insulation  between  these  parts  is  also  found  to 
be  good,  the  next  step  is  to  test  the  insulation  between  the  bolts 
and  the  splice  plates,  trying  each  bolt  separately,  with  each 
plate. 

314.  If  the  bolts  are  insulated  from  the  rails,  but  not  from 
the  splice  plates,  as  in  Fig.  8,  the  test  between  the  rails  and  the 
splice  plates  is  the  same,  but  the  test  for  the  bolt  insulation 
must,  of  course,  be  made  between  the  bolts  and  the  rails. 

315.  Owing  to  leakage  on  account  of  moisture  a  small  reading 
is  to  be  expected,  especially  where  the  plates  extend  beneath  the 
rail,  which,  although  the  joint  may  not  be  defective,  will  occas- 
ionally run  as  high  as  100  mil-amperes.  However,  if  the  insul- 
ation is  defective  a  much  higher  reading  will  be  obtained.* 

316.  If  it  is  desired  to  determine  the  insulation  resistance 
for  any  of  the  foregoing  tests  it  may  be  done  by  connecting  a 
low  reading  voltmeter  (0  to  3  volts  is  a  convenient  scale),  as 
shown  in  Fig.  154,  and  calculating  the  resistance  by  the  use 
of  Ohm's  law. 

317.  Pboblems.— (1)  If  in  Fig. 
154,  the  voltmeter  gives  a  reading  of 
1.35  volts,  and  the  mil-ammeter  a 
reading  of  50  mil-amperes,  what  is 
the  insulation  resistance  between  the 
-(A)-^  -^  **■«•  ***  parts  tested? 

l-Ohm 

'These  flgures  are  based  on  the  assumption  that  the  internal  resistance 
of  the  dry  cell  Is  normal  and  that  it  gives  an  effective  E.  M.  F.  of  approx- 
imately 1.5  volts. 
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(2)    If  under  the  same  conditions  as  in  problem  (1),  the  readings 
are  1.41  volts  and  15  mil-amperes,  what  is  the  insulation  resistance? 

Ai^swEBS. — (1)    27  ohms.    (2)    94  ohms. 


318.  It  is  evident  that  the  foregoing  tests  will  not  indicate 
whether  the  end  post  is  effective  in  preventing  the  passage  of 
current  through  the  joint.  A  means  of  accomplishing  this  is 
illustrated  in  Pig.  155,  in  which  it  is  desired  to  test  the  insul- 
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ation  resistance  of  joints  A  and  B.  A  low  reading  voltmeter  is 
connected  as  shown  in  sketch  C.  If  there  is  practically  no  de- 
jBection  noted,  it  will  ordinarily  indicate  that  both  joints  are  in 
good  condition;  but  to  insure  a  reliable  test  the  connections 
should  be  reversed  as  shown  in  sketch  D.  If  a  deflection  is  noted 
in  either  case,  the  next  step  is  to  ascertain  which  joint  is  defec- 
tive, the  most  convenient  method  being  to  disconnect  battery  E 
from  the  track,  thus  making  rails  F  dead.  Then,  if  the  reading 
is  obtained  with  the  connections  as  in  sketch  C,  joint  A  is  at 
fault,  while  if  obtained  when  connected  as  in  sketch  D,  the 
trouble  is  in  joint  B. 


319.  The  test  described  in  Art.  318.  cannot  be  depended  upon 
where  there  is  considerable  foreign  current,  Which  is  frequently 
the  case  in  the  neighborhood  of  electric  railways  using  direct 
current  for  propulsion ;  as  in  such  instances,  the  foreign  current 
often  produces  readings  on  the  meter  similar  to  those  that  would 
be  obtained  if  one  of  the  joints  were  defective. 
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SWrrOH  AND  PIPE  LINE  IN8TTLATI0N 

320.  Switch  Rod  Insnlation:  Switch  rods  which  are  to  be 
used  in  track  circuit  territory,  are  frequently  insulated  when 
being  manufactured.  "Where  this  is  not  the  case,  or  where 
circuits  are  being  installed  on  track  where  uninsulated  switches 
occur,  the  rods  must  be  insulated,  unless  some  other  arrangement 
such  as  wedge  Hocks  or  cxU-outs  (Art.  227),  are  employed. 

321.  Before  removing  the  rods,  the  switch  points  must  be 
spiked,  to  prevent  interference  with  traffic. 

When  removing  a  switch  rod  preparatory  to  insulating  it,  it 
is  convenient 'to  have  a  duplicate  adjustable  rod,  which  may  be 
used  as  a  substitute,  so  that  it  will  not  be  necessary  for  the 
switch  to  remain  spiked,  while  the  rod  is  being  insulated. 

322.  When  reaming  or  drilling  holes  in  which  insulation  is 
to  be  placed,  all  chips  must  be  removed  before  the  insulation  is 
applied. 

323.  When  installing  the  switch  rod  insulation  shown  in  Pig. 
19,  the  rod  is  removed  from  the  track,  and  the  hole  reamed  to 
contain  the  fiber  bushing.  This  is  ordinarily  done  in  a  drill 
press  using  a  drill  of  the  same  size  as  the  outer  diameter  of  the 
bushing,  the  inner  diameter  of  the  latter  being  the  same  as  that 
of  the  bolt.  Thus  a  tight  fit  is  secured  preventing  lost  motion 
in  the  switch.  If  necessary  the  head  rod  is  now  offset  as  shown 
in  Pig.  19.  When  replacing  the  rod,  if  there  is  not  sufficient 
space  in  the  lug  for  the  fiber  washers,  it  may  be  spread  with  the 
aid  of  a  track  chisel. 

As  the  fiber  bushing  is  subject  to  some  wear,  occasional 
inspection  is  desirable. 

324.  When  insulating  switch  rods  in  the  manner  shown  in 
Pigs.  20-22,  the  splice  plates  are  usually  furnished  drilled. 

Where  circumstances  permit  the  insulated  joint  is  placed  in 
the  center  of  the  switch  rod,  although  in  adjustable  switch  rods 
and  in  rods  to  which  the  throw  rod  is  connected,  it  is  generally 
located  to  one  side.    When  applied  near  the  end  of  the  rod  care 
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must  be  taken  to  insure  that  the  splice  plates  will  not  come  into 
contact  with  the  switch  lug,  as  this  would  bridge  part  of  the 
insulation. 

326.  After  the  switch  rod  is  removed  from  the  track,  the 
position  of  the  bolt  holes  for  the  joint  is  outlined  with  a  scriber, 
using  one  of  the  splice  plates  as  a  templet.  With  these  outlines 
as  a  guide  the  rod  is  marked,  with  a  center  punch,  for  drilling. 
It  is  the  practice  to  drill  the  holes  either  the  same  size  as  the 
outside  diameter  of  the  bushings  or  ^  in.  larger,  the  holes 
being  slightly  chamfered  with  a  larger  size  drill.  The  next  step 
is  to  cut,  with  a  hack  saw,  i  in.  of  metal  from  the  rod  at  the 
center  of  the  joint,  after  which  the  joint  is  assembled  complete, 
the  bolts  being  well  tightened. 

An  alternative  method  is  to  cut  the  rod  hot  before  drilling, 
considerable  care  being  exercised  to  insure  that  the  distance 
between  the  holes  in  the  rod  by  which  it  is  fastened  to  the 
switch  lugs,  remains  the  same. 

326.  Before  the  switch  rod  is  replaced  in  the  track  the  insul- 
ation resistance  of  the  joint  should  be  tested  with  a  magneto. 
Of  course,  the  test  should  be  applied  not  only  between  the  two 
ends  of  the  switch  rod,  but  also  between  the  rods  and  the  splice 
plates  and  bolts. 

If  a  magneto  is  not  available  a  test  may  be  made  with  the 
apparatus  used  in  testing  insulated  rail  joints.  Art.  311. 

327.  Front  and  Lock  Rod  Insulation:  These  rods,  types  of 
which  are  illustrated  in  Figs.  29-31,  are  almost  invariably  insul- 
ated at  the  factory,  but  if  necessary  to  insulate  them  on  the 
ground,  the  procedure  is  similar  to  that  outlined  in  connection 
with  switch  rods. 

328.  Wedge  Blocks:  The  method  of  applying  the  wedge 
block  is  shown  in  Pig.  32  although  instead  of  two  blocks  being 
used,  placed  on  the  first  and  third  ties,  one  attached  to  the 
second  tie,  will  in  some  cases  suffice. 

Before  putting  the  wedge  blocks  in  place  the  head  rod  should 
be  offset,  if  necessary. 
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Generally  two  or  more  lag  screws  are  used  to  secure  the 
blocks  to  the  ties,  but  large  wood  screws  are  sometimes  employed. 
The  metal  wedge  blocks  must  not  be  allowed  to  come  into  con- 
tact with  the  slide  plates  or  the  stock  rail.  To  secure  sufficient 
clearance  and  also  to  prevent  the  lag  screws  from  splitting  out 
at  the  side  of  the  tie  it  is  sometimes  desirable  to  move  the  slide 
plates  to  one  side. 

329.  Frequent  inspection  is  necessary  as  the  wedge  blocks 
sometimes  become  loosened,  and  are  apt  to  come  into  contact 
with  the  slide  plates.  Trouble  also  is  occasionally  experienced, 
owing  to  spikes,  or  other  pieces  of  metal,  bridging  between  the 
wedge  blocks  and  slide  plates. 

330.  Tie  Plate  Insulation:  When  tie  plates  are  being  in- 
stalled in  track  where  circuits  are  in  use,  unless  the  switch  is 
cut  out  (Art.  227),  the  arrangements  for  insulating  are.  made 
before  the  plates  are  placed  in  the  track.  On  the  other  hand,  if 
circuits  are  being  installed  on  track  where  tie  plates  are  already 
in  service,  they  must  be  taken  out  and  cut.  Fig.  35,  or  otherwise 
insulated.  It  is  desirable  to  substitute  slide  plates  for  the  tie 
plates,  while  the  insulation  is  being  arranged. 

When  installing  the  lap  joint  shown  in  Fig.  37,  holes  must 
be  bored  in  the  tie  to  receive  the  bolt  heads.  A  convenient  tool 
for  this  purpose,  is  the  expansion  bit. 

33J.  The  types  of  insulation  shown  in  Figs.  37-38,  if  assembled 
before  being  placed  in  the  track,  should  be  tested  as  explained 
in  Art.  326,  before  being  put  into  position.  If  it  is  desired  to 
test  these,  or  the  type  shown  in  Fig.  36,  after  they  are  put  in 
place,  the  rail  and  switch  point  should  be  raised  clear  of  the 
plate  at  one  end,  so  that  there  is  no  metallic  connection  between 
them,  after  which  the  ammeter  test  is  applied. 


332.  Pipe  Line  Insulation :  The  types  of  pipe  line  insulation 
illustrated  in  Figs.  39-41,  are  generally  manufactured  ready  to 
be  inserted  into  the  pipe  line.  When  being  installed  it  is  desir- 
able to  locate  the  insulation  so  that  an  existing  pipe  joint  may 
be  utilized,  thus  saving  labor  in  cutting  and  threading. 
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As  in  the  case  of  other  insulations,  a  magneto  or  ammeter  test 
should  be  made  before  the  joint  is  attached  to  the  pipe  line. 


333.  Detector  Bar  Insulation:  At  switches  and  other  points 
where  detector  bars*  are  used,  it  occasionally  happens  that  an 
insulated  rail  joint  occurs  within  the  length  of  the  bar.  As  the 
bar  is  attached  to  the  rail  on  each  side  of  the  joint  it  is  neces- 
sary that  it  be  insulated  in  order  that  current  will  not  be  carried 
around  the  joint  through  it.  One  method  of  accomplishing  this 
is  shown  in  Fig.  156.     It  will  be  noted  that  the  bar  is  offset 
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so  that  it  does  not  come  into  contact  with  any  part  of  the 
insulated  rail  joint. 

334.   Methods  of  Insulating  Cross-overs  and  Slips:**  In  Fig. 
157  is  illustrated  a  simple  method  of  insulating  a  cross-over. 


FlflT.  167 


connecting  two  tracks  on  each  of  which  there  is  a  track  circuit. 
This  arrangement  is  used  where  it  is  not  required  to  have 
fouling  protection  as  it  is  evident  that  a  car  can  stand  on  the 
cross-over  in  the  position  shown  dotted,  without  affecting  either 
relay,  the  insulating  joints  A  and  B  simply  separate  the  two 
circuits. 


'Described  in  Mechanical  Interlocking^. 

•♦Other  arrangements  employed,  applicable  to  various  methods  of 
signaling,  are  described  in  connection  with  the  apparatus  with  which 
they  are  used. 
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In  Pig.  158  is  shown  a  more  complete  arrangement,  two  ad- 
ditional insulated  joints  being  used  and  short  fouling  sections 
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thus  provided,  as  described  in  connection  with  Fig.  127. 
It  will  be  noted  that  a  car  cannot  stand  on  any  part  of  the 
cross-over  without  affecting  either  one  or  both  of  the  relays. 
This  arrangement  is  sometimes  modified  to  correspond  with 
those  shown  in  Figs.  128-129.  However,  it  should  be  under- 
stood that  where  cross-overs  are  installed  in  tracks  of  ordinary 
spacing,  complete  fouling  protection  cannot  be  procured,  as 
it  will  be  noted  in  Fig.  158,  that  if  a  car  be  in  the  position  shown 
dotted,  it  will  foul  with  track  A,  but  will  not  affect  its  relay. 

Folding  point.  In  cases  where  a  siding  runs  parallel  to  a  main 
track,  the  fouling  point  is  usually  taken  where  the  siding  begins 
to  curve  towards  the  main  track,  as  shown  in  Figs.  127-129. 
At  this  point  the  tracks  are  generally  12  ft.  center  to  center, 
although  this  distance  is  sometimes  reduced  to  11  ft.  At  cross- 
ings as  in  Figs.  130  and  159,  or  in  instances  where  the  siding 
approaches  the  main  track  at  an  angle,  it  may  be  necessary  to 
locate  the  fouling  point  where  the  tracks  are  somewhat  more 
than  12  ft.  center  to  center,  in  order  that  the  overhang*  of  the 
cars  will  not  cause  them  to  foul. 

335.  A  common  method  used  for  carrying  a  track  circuit 
through  a  double  slip  crossing  is  shown  in  Fig.  159.     As  will 
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•Overhang:,  as  used  here,  sigrnifles  the  distance  from  the  end  of  the  car 
to  the  first  pair  of  wheels. 
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be  seen,  an  insulated  joint  is  installed  at  the  toe  of  each  end 
frog.  The  tie  plates,  switch  rods,  etc.,  are  so  insulated  that 
there  is  no  electrical  connection  between  the  opposite  sides, 
in  other  words,  the  double  slip  crossing  is  electrically  divided 
as  indicated  by  the  dotted  line.  It  should  be  noted  that  the 
crossing  and  slip  rails  are  not  in  series,  and  therefore  although 
the  presence  of  a  train  on  any  part  of  the  track  will  be  effective 
in  operating  the  relay,  a  break  in  any  of  these  rails  will  not 
be  detected. 
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336.  Particular  care  must  always  be  exercised  when  locating 
apparatus  near  the  track,  that  no  part  of  it  extends  within 
the  clearance  line.  While  in  many  cases  the  distance  from  the 
track  is  governed  by  standard  practice  or  by  local  conditions, 
where  convenient  it  should  be  such  that  the  maintainer  will  not 
be  hindered  in  his  work,  by  passing  trains. 

337.  Battery  Cupboards:  These  are  frequently  constructed 
as  a  part  of  the  building  in  which  the  batteries  are  to  be  placed. 
However,  when  built  separately  (Fig.  46),  they  are  generally 
set  upon  the  floor,  although  in  some  cases  they  are  raised  above 
it,  and  when  so  arranged  must  be  well  supported. 

338.  Battery  Boxes :  Boxes  of  the  types  shown  in  Figs.  48-49, 
are  usually  set  about  half  their  depth  into  the  ground. 

When  installing  the  type  of  box  shown  in  Fig.  48,  the  hole 
through  which  the  wires  pass  to  the  battery,  may  be  bored  at 
any  convenient  point. 

As  before  noted  the  box  shown  in  Fig.  50  is  placed  at 
a  convenient  height  above  the  ground.  When  digging,  a 
post-hole  auger  can  frequently  be  used  to  advantage.  The 
ground  should  be  firmly  tamped  about  the  post  when  it  is 
in  place. 

The  battery  box  shown  in  Fig.  51  is  generally  set  in  the  ground 
to  the  depth  of  the  frost  board,  the  ground  being  sloped,  so  that 
it  will  drain  surface  water  away  from  the  box. 
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339.  Battery  Ohutes:  When  installing  battery  chutes,  Figs. 
52-54,  their  position  in  relation  to  the  track  is  approximately 

as  shown  in  Pig.  160. 
^  It  will  be  noted  that 
the  trunking  cap 
faces  the  track,  this 
being  generally  desir- 
able for  convenience 
rig.  ICO  in  running  the  trunk- 

ing, although  its  position  is  quite  frequently  varied  by  the 
location  of  the  relay  boxes  or  other  apparatus. 

4 

340.  When  selecting  a  location  for  a  battery  chute,  the  follow- 
ing points  should  be  considered  with  a  view  to  securing  the  best 
results  that  circumstances  will  permit.  First,  wet  ground  should 
be  avoided  so  as  to  prevent  trouble  in  case  a  leak  develops  in 
the  chute.  Second,  the  drainage  should  be  such  that  surface 
wat^r  will  not  collect  around  the  chute,  as  if  allowed  to  do  so 
it  is  liable  to  flow  into  it.  Third,  there  should  be  sufficient 
level  ground  about  the  chute  to  provide  space  in  which  to  set 
the  elevator,  this  being  provided  in  some  cases  by  filling,  as 
shown  in  Pig.  176.  Fourth,  when  trunking  is  to  be  run  across 
the  track  from  a  battery  chute,  it  is  usually  convenient  to  locate 
the  chute  directly  opposite  the  space  between  the  ties,  through 
which  the  trunking  is  to  pass.  Fifth,  it  is  not  desirable  to 
locate  the  chute  in  a  bank  sloping  at  a  sharp  angle  as  there 
may  not  be  enough  ground  to  keep  the  frost  from  the  lower 
part  of  the  chute.  Where  this  is  unavoidable  the  condition 
may  be  improved,  increasing  the  depth  of  earth  on  the  exposed 
side  of  the  chute  by  filling.  Sixth,  difficulty  in  excavating  will 
of  course,  sometimes  become  a  governing  factor. 

341.  When  the  location  of  a  battery  chute  has  been  deter- 
mined, the  next  step  is  to  dig  the  hole  to  contain  it.  Where 
the  character  of  the  ground  permits,  a  post-hole  auger  is  by 
far  the  most  expeditious  method  of  excavating.  In  rocky 
ground  the  use  of  a  digging  bar,  long  handle  round- 
pointed  shovels  (5  and  7  ft.)  and  a  digging  spoon,  will 
be  required. 
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If  trouble  is  experienced  on  account  of  water  flowing  into 
the  hole,  it  may  easily  be  removed  by  the  use  of  a  bilge  pump, 
of  the  type  shown  in  Fig.  161. 

342.  To  secure  uniformity  in  the  height  of  the  chutes  in  re- 
lation to  the  track,  a  piece  of  board  is  laid  across  the  rails  in 
such  a  manner  that  it  will  extend  over  the  hole,  this  being  used 
as  a  gauge  to  measure  its  depth.  This  method  is  advantageous 
where  the  standard  road  bed  has  not  been  completed,  in  \i^hieh 
case,  the  chute  will  be  the  proper  height  above  the  ground 
when  the  grading  is  finished.  If  however,  the  ground  is  at  its 
permanent  level,  the  top  of  the  chute  should  be  about  9  in. 
above  the  surface. 

343.  It  is  de&irable  to  remove  the  cover  (if  detachable),  frost 
board  and  elevator,  before  lowering  the  chute.  A  plank  or  * 
the  digging  bar,  should  be  placed  in  the  hole,  in  such  a  manner 
as  to  form  a  guide  for  the  chute  in  its  descent.  This  will  pre- 
vent the  bottom  of  the  chute  from  crumbling  the  earth  from 
the  side,  into  the  bottom  of  the  hole.  The  chute  is  now  raised 
against  the  plank  or  bar  and  allowed  to  descend  into  the  hole, 
care  being  exercised,  in  the  case  of  an  iron  chute,  that  it  is 
not  broken  by  striking  too  sharply  on  any  projecting  rock. 

The  earth  is  now  filled  in  and  tamped,  the  chute  being  kept 
vertical  in  order  that  the  battery  jars  may  set  properly. 

344.  Storage  Battery  Shelters :  When  it  is  desired  to  locate 
storage  batteries  in  towers,  or  other  buildings  not  specially  de- 
signed to  contain  them,  a  satisfactory  arrangement  may  be 
obtained  by  enclosing  the  rack  shown  in  Fig.  58,  in  a  suitable 
cupboard.  Substantial  floor  support  for  the  rack,  should  be 
provided,  on  account  of  the  weight  of  the  cells.  It  is  desirable 
to  locate  the  rack  in  front  of  a  window,  in  order  that  the  cells 
may  be  easily  inspected,  and  to  provide  the  necessary  venti- 
lation. If  a  window  is  not  available  the  required  ventilation 
can  be  secured  by  boring  holes  at  the  top  and  bottom  of  the 
cupboard  through  the  walls  to  the  outside  of  the  building. 

Instead  of  using  a  rack,  properly  constructed  shelves  may 
of  course,  be  employed. 
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After  the  cupboard  and  rack  or  shelves  have  been  erected, 
the  acid-proof  paint  is  applied  (Art.  73). 

346.  A  method  for  housing  storage  batteries  is  illustrated 
in  Pig.  179.  The  arrangement  shown  is  located  at  the  foot  of 
a  signal  bridge  being  used  to  feed  a  number  of  track  circuits. 

346.  When  installing  the  vault  shown  in  Pig.  59,  the  hot 
pitch  is  applied  to  the  walls  with  a  brush,  after  the  concrete 
has  hardened.  The  brick  floor  is  then  laid  in  the  following 
manner:  Pirst,  a  layer  of  sand  i  to  1  in.  in  depth  is  spread 
upon  the  concrete,  and  the  brick  laid  upon  it.  The  joints  are 
then  partially  filled  with  sand  upon  which  is  poured  hot  pitch 
to  the  level  of  the  top  of  the  brick.  Cans  with  suitable  size 
spouts  are  used  to  advantage  to  pour  the  sand  and  pitch  into 
the  joints.  When  the  pitch  is  setting  sand  is  brushed  over 
the  floor  mixing  with  the  pitch  and  thus  forming  a  clean 
footing. 

< 

347.  Maintenance.  Salts  from  gravity  .batteries  deposit  on 
the  shelves  upon  which  the  cells  are  placed.  In  battery  cup- 
boards the  salts  accumulate  quite  rapidly,  and  should  be 
frequently  removed. 

348.  During  exceptionally  cold  weather,  at  which  time  there 
is  likelihood  of  gravity  batteries  freezing,  it  is  sometimes 
necessary  to  keep  them  warm  by  placing  lamps*  in  the  lower 
part  of  battery  cupboards  or  boxes.  The  same  procedure  is 
occasionally  necessarj"^  with  chutes  and  vaults. 

Batteries  in  chutes  are  sometimes  protected  from  low  tem- 
peratures by  the  use  of  an  additional  frost  board  suspended 
about  1  ft.  above  the  elevator.  In  some  cases  mineral  wool  is 
placed  between  the  two  frost  boards.  This  material  is  also  used 
to  advantage  when  packed  around  the  outside  of  the  chute 
being  kept  in  place  by  a  wooden  casing. 

349.  If  water  leaks  or  flows  into  a  battery  chute,  it  should 
be  removed  as  soon  as  possible.     This  may  be  quickly  accom- 


•Hand   or  signal   lanterns  are   convenient   for  this  purpose. 
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lished  with  the  aid  of  a  small  bilge  pump,  a  type  employed 
for  this  purpose  being  shown  in  Pig.  161. 


The  hinges  on  battery  chutes  are  likely  to 
b;H*orne  rusted  by  battery  solution  being  spilled 
on  them;  on  this  account  it  is  well  to  oil  them 
o<*casionally. 

EELAT  SHELTERS 

350.  Relay  Cases:  It  is  desirable  to  locate 
relay  cases,  in  such  a  manner,  that  the  relays 
and  other  apparatus  contained  in  them,  may 
be  convenient  to  inspect  and  work  upon.  They 
are  therefore  generally  raised  above  the  floor, 
bfing  supported  by  brackets  or  other  suit-able 
means. 

351.  Relay  Boxes:  Belay  boxes  should  be 
located  at  a  convenient  height  above  the  ground 
(Fig.  75),  and  a  good  footing  provided. 

352.  When  setting  the  relay  post,  Pig.  76, 
in  concrete,  care  should  be  taken  to  see  that  it 
is  plumb,  before  the  concrete  sets.  The  box 
should  not  be  fastened  to  the  post,  until  after 
the  concrete  has  hardened. 
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353.  When  making  a  concrete  foundation  for  the  type  of 
post  shown  in  sketch  A,  Pig.  77,  a  short  piece  of  trunking  is 
built  into  the  top  of  the  foimdation  in  order  to  make  a  groove 
for  the  trunking  through  which  the  wires  are  carried  to  the 
bottom  of  the  post. 

In  case  wooden  foundations  are  used  the  hole  through  which 
the  wires  pass,  should  of  course,  be  bored  before  the  base  is 
bolted  to  the  foundation. 

354.  Attaching  relay  boxes  to  signal  posts  although  a  satis- 
factory   method    in    the    case    of    iron    posts    set    upon    solid 
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foundations,  is  generally  undesirable  in  the  case  of  wooden 
posts,  on  account  of  the  effect  of  vibration  on  the  relays,  due 
to  the  operation  of  the  signal. 

366.  It  is  often  convenient  to  attach  relay  boxes  to  retaining 
walls,  in  which  case  they  are  secured  with  anchor  or  expansion 
bolts.  If  the  face  of  the  wall  is  not  plumb  the  box  must  be 
blocked  out  to  a  vertical  position. 
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366.  It  is  generally  considered  desirable  to  provide  trunking 
or  conduit  of  such  a  size  that  one-third  of  its  capacity  will 
remain  free  for  the  installation  of  additional  wires.  Trouble 
has  occasionally  been  experienced  owing  to  mice  gnawing  the 
insulation  off  the  wires  in  order  to  form  a  passage  through  the 
trunking.  By  allowing  spare  space,  as  noted,  trouble  from  this 
source  is  lessened  considerably. 

367.  Trunking:  Trunking  is  placed  either  below,  at  or 
above  the  surface  of  the  ground,  according  to  the  practice  on 
different  roads.  When  placed  below  it  is  located  from  1  to 
2  ft.  beneath  the  surface,  this  depth  being  desirable  to  avoid 
interference  from  tools  used  in  renewing  and  tamping  ties. 
When  the  trunking  is  so  located,  stakes  are  not  required  to 
support  it. 

368.  When  trimking  is  placed  at  the  surface,  as  is  frequently 
the  case  in  cross-leads  passing  imder  the  rails,  or  when  running 
parallel  to  the  tracks  between  them,  stakes  are  used  to  support 
the  joints  and  ends,  but  not  at  other  points.  The  top  of  the 
capping  of  cross-leads  is  usually  from  i  to  1  in.  below  the 
base  of  the  rail,  the  capping,  where  possible,  being  kept  clear 
of  the  ballast,  so  that  it  can  be  removed  without  the  ballast 
falling  into  the  groove. 

The  height  of  trunking  above  the  ground  is  determined  to 
a  considerable  extent  by  local  conditions,  but  in  general,  when 
running  parallel  to  the  track,  the  bottom  is  placed  approximately 
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6  in.  above  the  ground.  When  so  arranged  all  joints  are 
supported  by  stakes  and  in  addition  stakes  are  placed  under 
the  trunking,  about  5  ft.  apart. 

369.  It  is  considered  good  practice  to  place  a  supporting 
strip  consisting  of  a  piece  of  capping,  between  the  stake 
and  the  bottom  of  the  trunking.  At  joints  the  length  of 
this  strip  varies  from  12  to  24  in.,  but  at  other  points  a 
piece  8  in.  long  is  usually  sufiBcient.  In  the  latter  case, 
the  supporting  strip  is  often  omitted  with  the  smaller  sizes 
of  trunking. 

360.  Drainage  is  generally  provided  by  boring  f  or  ^ 
in.  holes  through  the  bottom  of  the  trunking  about  2  ft. 
apart. 

361.  When  installing  trunking  at  the  surface  or  above  ground^ 
the  lengths  of  trunking  are  first  laid  out  and  fitted,  thus 
determining  the  location  of  the  stakes  which  support  the  joints. 
The  intermediate  stakes  are  then  located,  being  spaced  as  evenly 
as  possible.  The  next  step  is  to  drive  the  stakes,  which  should 
be  aligned,  and  set  at  the  proper  height.  When  the  trunking 
runs  parallel  to  the  track,  measurements  may  be  made  in  the 
manner  explained  in  Art.  342,  a  uniform  distance  from  the 
track  being  assured  by  suitably  marking  the  board  used  as  a 
guage.  At  places  where  this  method  of  measuring  is  not  applic- 
able, alignment  may  be  secured  by  stretching  a  cord  between  the 
points  where  the  stakes  are  to  be  set. 

Stakes  are  usually  driven  with  a  stake  maid  and  as  before 
noted,  should  extend  about  2  ft.  into  the  ground. 

Where  supporting  strips  are  used  with  stakes  that  do  not 
support  joints,  the  strip  is  first  nailed  to  the  top  of  the  stake, 
after  which  the  trunking  is  toe-nailed*  to  the  strip.  This  method 
of  nailing  is  employed,  because  it  is  not  desirable  in  any  case, 
to  drive  the  nails  through  the  bottom  of  the  groove,  as  they  are 
apt  to  work  up  and  chafe  the  insulation  on  the  wires.  In  this 
connection  care  should  always  be  taken  that  nails  are  not  driven 
into  the  groove  from  the  outside. 


•Nails  driven  obliquely,  see  PIgr.  166. 
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362.    Capping  is  usually  nailed  in  position  with  6  or  8  d.  wire 

nails,  but  in  the  larger  sizes  of  trunking  galvanized  iron  gate 

hooks  are  frequently  employed  in  the 

manner  shown  in  Fig.  162.    These  hooks 

are  spaced  about  4  ft.  apart  on  each  side. 

363.    Where  nails  are  used,  the  cap- 
ping is  held  temporarily,  until  all  the 
wires  are  put  in  place,  by  a  few  nails 
riB.  i«3  partly   driven.     "When   the  capping   is 

permanently  secured  in  position  the  nails  are  staggered,  being 
spaced  about  2  ft.  apart  on  each  side.  Ordinarily  joints  in 
capping  should  be  made  at  least  1  ft.  from  the  joints  in  the 
grooved  lumber. 

364.  Joints  in  Tninkiiig:  In  Figs.  163-169  are  shown  typical 
methods  of  constructing  joints  commonly  required  in  running 
trunking. 

Inside  comers  of  trunking  at  turns  should  be  rounded  to 
prevent  insulation  on  wires  being  injured. 

A  try  square  and  mitre  box  are  very  convenient  tools  for 
use  when  fitting  trunking. 

865.  Two  types  of  joints  used  for  splicing  lengths  of  tninking, 
are  shown  in  Fig.   163.     When  constructing  these  joints,  the 
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supporting  strip  1,  is  first  nailed  to  the  stake,  after  which  the 
pieces  of  grooved  lumber  2  and  3,  are  secured  as  shown.  It  is 
the  usual  practice  to  employ  8  and  10  d.  nails  at  joints. 
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366.    The  right   angle  joint  shown  in   Fig.   164   is   built  as 
follows:    The  supporting  strip  1,  is  first  nailed  to  the  bottom 
of  the  trunking  2,  and  then  secured  to 
the  stake,  after  which  trunking  3  is  fast- 
ened in  position.    It 
will    be    noted    that 
capping  4  extends 
over  trunking  3,  thus 
aiding  strip  1  in  sup- 
porting the  joint. 


Obliqve  angle  joints 
in  trunking  are  made 
in  a  manner  similar  to 
the  right  angle  joint. 


367.  Id  making  the  tee  joint,  Fig,  165,  the  method  of  pro- 
cedure is  similar  to  that  explained  in  connection  with  the  right 
BJigie  joint. 


btad*J 
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368.  In  depressions  and  at  other  points  it  is  often  necessary 
to  carry  a  run  of  trunking  up  the  face  of  a  retaining  wall.  In 
such  instances  the  joints  shown  in  Pigs.  166-167,  are  used  to 
advantage. 

Joint  A,  Fig.  166,  is  used  when  a  line  of  trunking  approaches 
the  wall  at  right  angles  and  the  joints  in  Fig.  167,  when  the 
trunking  runs  parallel  to  the  wall.  In  the  latter  case,  it  will 
be  noted  that  the  vertical  piece  of  trunking  is  turned  so  as  to 
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bring  the  groove  in  front,  permitting  easy  access  to  the  wirea. 

Owing  to  thus  turning  the  vertical  lead,  the  construction  shown 
by  sketch  B  is  required 
where  the  width  of  the 
trunk ing  is  greater  than 
the  depth. 

When  constructing 
joint  A,  Pig.  166,  the 
supporting  strip  ia  first 
nailed  to  trunking  1, 
and  then  to  trunking  2, 
thus  completing  the 
joint  before  it  is  nailed 
to  the  stake.  It  ia  de- 
sirable to  shape  trunk- 
ing 2  for  joint  B,  before 
joint  A  is  attached  to 
the  stake. 


••TBHc-c  389     Where  the  verti- 

cal tnmking  Fig.  166,  is 
of  considerable  length,  it  should  be  secured  to  the  face  of  the 
wall.    A  means  of  accomplishing  this  is  shown  in  the  illtistration 


in  which  a  block  of  wood  is  nailed  to  the  trunking  and  secured 
to  the  wall  by  ^  in.  expansion  bolts.  These  suppoils  are  usually 
not  required  where  the  vertical  trucking  is  less  than  8  ft. 
long,  being  spaced  6  to  8  ft.  apart  where  two  or  more  are 
required. 

A  good  method  of  procedure  when  installing  these  blocks  is 
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as  follows:  After  the  stake  at  the  foot  of  the  trunking  has 
been  located,  the  holes  for  the  expansion  bolts  are  drilled,  care 
being  taken  to  insure  that  their  position  is  correct.  The  blocks 
are  then  temporarily  bolted  in  place,  and  the  tninMng  set  in 
its  correct  position  and  marked  to  indicate  where  the  blocks 
are  to  be  attached  to  it.  The  trunking  is  now  removed  and  the 
blocks  taken  down  and  nailed  to  it,  after  which  it  is  ready  to 
be  placed  permanently  in  position. 


370.    The  arrangement  illustrated  in  Fig.  168,  is  frequently 
employed,  especially  when  the  trunkiug  runs  to  the  track  from 
relay  boxes  or  battery  shelters,  as  shown  in 
Pig.   160.     Aftor  the  stakes  have  bfun   set, 
both   joints  shriild   be   cut   and  fitted,   then 
jomt  \  completed  and  secured  to  the 
st«ls(  by  toe-nailing  through  the  sup- 
porting   strip.      The    next    step    is 
to  fasten  trunking  1   to  the 
stake,   after   which   trunking 
2  is  nailed  to  it. 

371.  "When  it  is  de- 
sired to  make  a  tee 
joint  similar  to  that 
illiLstrated  in  Pig. 
165,  with  the  excep- 
tion that  the  trunk- 
ing used  in  the  branch  lead  is  smaller  than  that  in  the  main  lead, 

the  arrangement  shown  in  Fig.  169,  can  be  employed.    The  top 

of  til''  grooved  lumber  of  the  braneh 

lead  is  raised  to  that  of  the  main  lead 

by   blocking   A.     As  the   capping   of 

the   branch   lead   is  not,   in    this   ease. 

carried  across  the  main  load  an  in  Fig. 

165.  the  nocessary  siipport  is  obtained 

by  mortising  the  branch  lead  into  the 

side  of  the  main  lead  as  shown. 


372.    Slack  Boxes:    Instead  of  using  the  tee  joints,  shown  in 
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FtK.  ITS 

On  account  of  the 
difficulty  of  iaspec- 
tion,  it  is  generally 
considered  undesir- 
able to  have  joints 
in  the  wires  occur 
in  the  trunking,  and 
with  this  in  view,  the 
slack  boxes  can  be 
used  to  advantage 
for  this  purpose. 

An  application  of 
the  slack  box  is 
shown  in  Fig.  176. 


Figs.  165  and  169, 
alack  boxes,*  a  type 
of  which  is  illustrated 
in  Fig.  170,  are  often 
employed. 

They  allow  a  small 
amount  of  slack  to  be  left  in  the 
wires  and  are  convenient  when  trac- 
ing the  circuits,  as  it  is  customary 
to   tag  the   wires   in   these   boxes. 


373.  Boot-legs:  At 
points  where  the 
wires  are  brought  out 
of  the  trunking  to 
connect  to  the  rail,  a 
short  piece  of  trunk- 
ing known  as  a  boot- 
hg,  is  generally  used 
to  protect  them. 
Types  of  boot-legs  are 
shown  in  Pigs.  171- 
175  and  their  appli- 
cation   in    Fig.    176. 

•Also  called  jMntliBH  tout 
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374.    Tj-pes  of  boot-lega  used  when  the  trunkiiig  is  biiried 

in  the  ground  are  illtistrated  in  Figs.  171-173.     The  braces  are 

«.o^o  nf  ni^^  r.t  „n — : —    ^jjg  brace  usually 

hown  in  Fig.  172, 

37B.  Various 
methods  are  em- 
ployed to  close 
the  opening  at 
the  top  of  the 
riser,  (vertical 
trunking).  In 
" ^e 


A, 


376.  The  risers  are  located  from  }  to 
21  in.  from  the  base  of  the  rail,  this  dis- 
tance being  desirable  to  allow  for  slight 
changes  in  alignment  of  the  track.  The 
hole  in  the  riser  through  which  the  wire 
extends  to  the  rail,  is  generally  high  enough 
above  the  base  of  the  rail,  to  allow  the  rail 
to  be  raised  without  forcing  the  boot-leg 
wire  out  of  shape.  In  this  connection, 
the  top   of  the  riser  should  be  placed   a 
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minimum  distance  of  2  in.  below  the  top  of  the  rail,  this  dis- 
tance being  necessary  in  order  that  the  riser  will  not  be  struck 
by  the  treads  of  worn  wheels,  in  case  the  track  settles. 


377.  The  types  of  boot-legs  shown  in  Piga.  174-175,  are  used 
where  the  trunking  is  run  at  the  surface  of  the  ballast.  It  will 
be  noted  that  these  are  built  upon  the  capping. 


378.  Tnmkiiig  Layouts:  In 
shown  a  typical  trunking  layout 
carry  the  wires  from  the  relay 

shelters  to  the  rails.  The  cross-si 
two  different  methods  of  run- 
ning the  cross-leads.  In  the  r.-- 
section  where  the  trunking  i; 
runs  at  the  surfaee  of  the  '^'^-■ 
ballast,  the  boot-legs  will  of 
course,  be  of  the  type  shown 
in  Figs.  174  or  175.  whereas 
with  the  arrangonient  shown 
in  the  lower  set-tion,  the  types 
illustrated  in  Figs.  171-173  .. 
are  employed.  While  it  is  de-  t" 
sirable,  as  mentioned  in  con-  [__ 
nection  with  Fig.  85.  to  attach 
the  boot-leg  wires  as  close 
to  the   insulated   joints   as  possible,   nevertheless   as   indicated 
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in  Pig.  176,  the  boot-leg  is  placed  far  enough  from  the 
end  of  the  joint  to  permit  convenient  tamping  of  the  joint 
ties  without  injuring  the  trunking.     Another  eonsi deration   is 
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the  neceasity  for  preventing  the  boot-leg  wires  from  coming 
into  contact  with  any  part  of  the  insulated  joint  and  thus 
bridging  part  of  the  insulation. 

379.  Tnmkillg  Leads  at  Towers:  If  track  batteries  or  relays 
are  located  in  a  tower,  the  wires  may  be  carried  into  the  building 
in  the  manner  shown  in  Fig. 
177.  It  will  be  noted  that, 
a  riser  leads  iip  the  side  of 
the  tower  to  a  hole  bored  in 
the  wall,  through  which  the 
wires  pass.  It  is  desirable  to 
have  the  trunking  inside  the 
building,  at  least  4  in.  above 
the  floor  in  order  to  keep 
it  free  from  water  and  dirt, 
when  the  floor  is  being  clean- 
ed. Accordingly  the  hole 
through  the  side  of  the  build- 
ing should  be  bored  at  the 
proper  height  to  secure  this 
kib.  117  clcaranee. 

880.  When  installing  trunking  in  a  wooden  tower  it  is 
generally  secured  in  position  by  toe-oailing.  If  it  is  desired 
to  attach  it  to  a  brick  or  concrete  wall  the  method  shown  in 
Fig.  166,  can  be  employed  to  advantage.  The  capping  is  usually 
held  in  place  by  round  bead  wood  screws.  When  making  joints 
in  buildings,  it  is  customarj-  to  omit  the  supporting  strip,  the 
wall  affording  the  required  support, 

381.  Conduit:  A  typical  installation  of  fibre  conduit  is 
illustrated  in  Fig.  178."  It  is  usually  buried  to  a  depth  of 
about  2  ft.,  and  Ihe  boot-legs  are  protected  by  small  concrete 
piers  as  shown.  In  some  instances  the  entire  conduit  is  laid 
in  concrete. 

382.  Maintenance.  As  trunking  installed  underground  is 
subject  to  alternate   wet  and  dry  conditions  and  also  to  the 

•Also  Bee  Fig.  .19, 
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attack  of  worms,  it  will  in  some  cases  rot  very  qmekly,  unless 
treated   with  some   wood   preservative.     When   allowed  to   rot 


considerably  it  not  only  fails  to  protect  the  wires,  but  tends 
to  collect  and  hold  moisture  about  them. 

On  account  of  heaving  by  frost  in  the  ground,  trunking  leads 
located  above  the  surface  sometimes  become  displaced  and  should 
therefore  occasionally  be  aligned. 


PAINTING 

383.  It  is  customary  to  paint  all  iron  and  wood  work  exposed 
to  the  weather. 

Paint  should  not  be  applied  in  wet  weather,  nor  to  any 
surfaces  until  they  are  clean  and  drj-,  or  until  the  previous 
coating  has  thoroughly  dried. 

Surfaces  covered  with  rust,  grease,  dirt  or  other  foreign  sub- 
stances, should  be  thoroughly  cleaned  by  scraping  or  other 
suitable  method,  before  paint  or  oil  is  applied. 


384.  Iron  Work:  It  is  the  general  practice  to  apply  to 
iron  work,  a  priming  coat  of  red  lead  paint  and  two  finishing 
coats  of  the  desired  color,  in  many  ca.ses  hlaek  asphaltum  or 
graphite  paint  being  used  for  this  purpose. 

Red  lead  paint  should  be  prepared  aa  follows :  A  suitable  quan- 
tity of  red  lead  is  permitted,  for  24  hrs.  ,to  alBorb  its  full  capacity 
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of  raw  linseed  oil,  after  which  it  is  stirred  to  the  consistency 
of  a  stiff  paste.  As  red  lead  paint  thickens  rapidly,  only  as 
much  of  this  paste  as  it  is  intended  to  apply  in  the  following 
6  hrs.,  is  thinned  with  the  necessary  amount  of  linseed  oil 
and  drier. 

Iron  work  should  be  repainted  at  intervals  frequent  enough 
to  prevent  rusting.  If  however,  rusty  spots  appear  they  should 
be  touched  up  with  red  lead  paint  before  the  finishing  coat 
is  applied. 

386.  Wood  Work:  The  general  method  employed  when 
painting  exposed  wood  work  used  in  track  circuit  installations 
is  similar  to  that  described  in  connection  with  Signal  Towers. 
In  many  instances,  metallic  oxide  paints  are  used  for  this 
purpose. 

Trunking  placed  above  or  at  the  surface  of  the  ground  should 
of  course,  be  painted,  but  it  is  not  the  practice  to  paint  that 
which  is  buried.  As  the  trunking  is  usually  painted  after  the 
capping  has  been  nailed  in  position,  the  covered  portions  of  the 
trunking  are  of  course,  not  painted. 

As  exposed  trunking  generally  receives  considerable  wear,  it 
should  frequently  be  re-painted  to  keep  it  in  good  condition. 

If  the  painting  of  wood  work  has  been  neglected  until  the 
wood  has  become  very  dry  and  porous,  a  coating  of  pure  linseed 
oil  should  first  be  applied  to  fill  the  pores  and  prevent  checking. 


BELAYS,  UOHTNINO   ARRESTERS, 
AND   TERMINAL   BOARDS 

386.  Relays:  The  general  instructions  for  the  installation, 
maintenance  and  testing  of  these  instruments,  given  in  the 
section  on  Belays,  should  of  course,  be  followed  in  track  circuit 
work. 

387.  Typical  relay  installations  are  shown  in  Pigs.  75.  76, 
78  and  179.  In  the  latter  illustration  the  relay  cupboard  is 
built  into  the  leg  of  a  signal  bridge.    The  solid  wires  are  brought 
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up  from  conduit  and  as  shown  are  carried  through  the  wooden 
partition  to  the  relays.  The  spaee  behind  this  partition,  which 
is  occupied  by  the  wires,  is  encloeed  by  a  false  back  which  opens, 
affording  easy  access  to  the  wiring. 


388.  When  placing  the  relay  in  the  shelter,  it  should  be  ao 
located  that  the  operation  of  the  eontaets  may  be  readily 
observed. 

389.  Maintenancv..  It  is  very  important  that  relays  be 
frecpiently  inspected.  Sometimes  lightning  discharges  injure 
the  contact  points  by  arcing,  materially  increasing  their  resis- 
tanee,  and  in  extreme  cases  fusing  them  together."  If  a  relay 
is  found  with  its  contacts  injured  in  this  manner,  it  should  be 


LIGHTNING   ARRESTERS  161 

replaced.     Trouble  in  other  parts  of  the  relay  is  also  apt  to 
occur,  especially  in  case  of  heavy  discharges. 

390.  Where  track  circuits  are  carried  through  contacts  on 
relays,  it  is  desirable  to  occasionally  test  the  conductivity  of 
these  contacts,  as  even  a  small  amount  of  resistance  between 
them  will  cause  a  drop  in  voltage  which  will  be  likely  to  inter- 
fere with  the  operation  of  the  circuit.  Back  contacts  which  act 
as  shunts  at  cut  sections  (Art.  169),  should  also  be  tested. 

In  some  types  of  polarized  relays,  the  glaze  which  forms  on 
the  surfaces  of  the  polarized  contacts,  inserts  considerable  resis- 
tance in  the  circuit.  This  is  especially  noticeable  in  relayed 
polarized  track  circuits  in  which  the  polarized  contacts  which 
act  as  a  pole  changer  must  occasionally  be  cleaned  to  insure 
proper  operation.  This  may  be  accomplished  by  drawing  a 
piece  of  fine  emery  cloth  between  the  contact  surfaces. 

It  is  occasionally  necessary  to  clean  relay  contacts  which  are 
not  enclosed. 

391.  Lightning  Arresters:  In  cases  where  lightning  arresters 
are  used  in  connection  T\ath  track  circuits  they  are  usually  fas- 
tened  with  screws  to  the  sides  or  back  of  the  relay  box,  in  a 
manner  similar  to  that  shown  in  Fig.  76.  In  towers  the  arresters 
are  frequently  grouped,  being  moimted  in  a  suitable  case  at  a 
convenient  point  on  the  wall,  although  in  some  instances  they 
are  located  in  the  relay  case. 

392.  As  porcelain  is  quite  brittle,  care  must  be  exercised  when 
mounting  arresters  made  of  this  material,  rubber  washers  being 
provided  with  some  types  to  ]be  placed  between  them  and  the 
wood  upon  which  they  are  mounted. 

393.  When  a  number  of  arresters  are  mounted  side  by  side, 
the  ground  posts  are  frequently  connected  together  by  brass 
links,  thus  avoiding  the  necessity  for  carrying  the  ground  wire 
to  each  arrester. 

394.  Orounds.  Unless  a  good  damp  ground  is  used  in  con- 
nection with   lightning  arresters  they  cannot   be   expected  to 
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produce  satisfactory  results.  The  wire  from  the  arrester  to  the 
ground  connection  should  be  run  as  direct  as  possible,  avoiding 
any  great  length  of  wire  which  would  insert  resistance,  and 
also  avoiding  turns  and  sharp  bends  which  tend  to  retard  the 
discharges. 

The  ground  clamp  shown  in  Fig.  69,  should  not  be  attached 
to  gas,  steam,  or  hot  water  pipes,  on  account  of  the  unreliability 
of  the  ground  generally  secured  through  them.  Before  attaching 
the  clamp,  the  pipe  should  be  thoroughly  cleaned,  all  rust  or 
corrosion  being  removed,  thus  producing  a  bright  surface. 

In  some  instances  the  clamp  is  not  used,  the  wire  being  solder- 
ed to  the  pipe.  The  pipe  is  first  cleaned  as  noted,  then  tinned 
and  the  wire  given  about  six  turns  around  it,  spaced  a  slight 
distance  apart,  after  which  the  joint  is  thoroughly  soldered.  It 
is  very  difficult  to  solder  on  to  a  pipe  containing  water  and 
therefore  the  water  should  if  possible,  be  drawn  oflP. 

When  soldering  the  wire  to  the  terminal,  it  should  be  removed 
from  the  clamp  and  the  inside  tinned.  The  end  of  the  wire  is 
then  tinned  and  sweated  into  the  terminal.  In  some  cases  the 
terminal  is  omitted,  the  wire  being  secured  under  the  check  nut. 

Grounds  are  sometimes  secured  by  bonding  the  ground  wire 
into  an  iron  battery  chute. 

396.  When  installing  the  ground  plate  shown  in  Pig.  70  the 
procedure  is  as  follows:  First  the  hole  is  dug  to  a  depth  suffi- 
cient to  reach  permanently  damp  earth,  usually  not  less  than  6 
ft.  The  next  step  is  to  cover  the  bottom  of  the  hole  with  the  coke 
or  charcoal,  to  a  depth  of  from  1  to  2  ft.,  which  should  be  thor- 
oughly wet  down  and  tamped.  The  plate  is  now  laid  upon  this 
bed  and  covered  with  an  equal  amount  of  coke  or  charcoal, 
which  is  wet  and  tamped  as  before,  after  which  the  hole  is  filled, 
water  being  used  to  settle  the  earth. 

As  there  is  no  check  on  the  resistance  of  grounds,  they  should 
be  tested*  when  installed  and  occasionally  thereafter. 

396.  Maintenance.  In  most  types  of  spark  gap  arresters, 
there  is  a  possibility  of  the  gap  becoming  bridged  by  conducting 
material  and  thus  permanently  grounding  the  circuit.  Where 
the  gap  is  between  metal  parts  the  arc  sometimes  tends  to  fuse 
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them  together,  while  in  carbon  arresters  the  lightning  discharges 
tends  to  loosen  particles  of  carbon  which  in  time  collect  and 
bridge  the  gap.  As  the  grounding  of  the  circuits  is  apt  to  cause 
serious  trouble,  arresters  should  frequently  be  inspected  and  if 
necessary  tested  with  a  magneto. 

When  inspecting  wooden  base  arresters,  it  should  be  observed 
whether  the  spark  gap  has  been  bridged  by  carbon  (Art.  76), 
which  if  present,  should  be  removed ;  however,  if  badly  carbonized 
the  arrester  should  be  replaced. 

In  choke  coil  arresters  so  placed  that  a  good  view  of  the  gap 
cannot  readily  be  obtained,  a  piece  of  paper  may  be  passed 
between  the  coil  and  the  ground  plate,  to  insure  that  there  is 
no  connection  between  them. 

397.  Terminal  Boards :  When  mounting  the  terminals  shown 
in  sketch  A,  Fig.  72,  they  should  be  spaced  about  1  in.  apart, 
center  to  center,  and  properly  aligned  to  produce  a  neat  appear- 
ance. If  there  are  more  terminals  to  be  installed,  than  the 
width  available  permits  to  be  placed  in  the  manner  shown,  they 
may  be  placed  in  two  rows  and  staggered,  as  in  Fig.  73,  being 
spaced  slightly  farther  apart. 
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398.  As  failures  resulting  from  defective  wiring  are  frequently 
very  difficult  to  locate  and  sometimes  of  a  dangerous  nature,  the 
installation  of  this  part  of  the  work  should  receive  very  careful 
attention. 

399.  Wire:  As  good  insulation  between  the  wires  is  essential, 
and  as  moisture  must  be  guarded  against,  all  wires  placed  in 
trunking  outside  of  buildings  is  rubber  covered. 

400.  Relay  and  Battery  Leads.  Batteries  and  relays  are 
connected  to  the  rails  with  rubber  covered,  soft  drawn, 
solid  copper  wire.  The  sizes  of  wire  used  for  this  pur- 
pose varies  considerably.  No.  6  to  No.  10  B.  &  S.  G.  being 
employed. 
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401.  It  is  the  general  practice  to  use  rubber  covered  stranded 
tuire  to  lead  from  the  trunking  into  battery  chutes  to  the  ele- 
vators, No.  12  B.  &  S.  6.  being  commonly  used  for  this  purpose. 
The  elevators  are  generally  wired  with  No.  12  or  14  B.  &  S.  G. 
solid  wire. 

As  before  noted  flexible  wire  is  also  used  between  relays  and 
terminal  boards  or  lightning  arresters,  the  ordinary  size  em- 
ployed being  No.  14  B.  &  S.  G.  Single  conductor  lamp  cord  of 
the  same  size  is  also  frequently  used  for  this  purpose. 

402.  Office  wire  is  sometimes  used  inside  of  towers,  being 
connected  to  the  rubber  covered  wire  at  the  point  where  it  enters 
the  building. 

Between  lightning  arresters  and  their  ground  connections,  it 
is  not  considered  desirable  to  use  a  smaller  wire  than  a  No.  6 
B.  &  S.  G.,  or  its  equivalent.*  Bare  or  rubber  covered  wire  is 
used  for  this  purpose  (above  ground)  although  the  latter  is 
generally  preferred  as  its  insulation  affords  better  protection 
against  accidental  grounding. 

403.  Boot-leg  Wires,  It  is  not  the  custom  to  attach  the 
rubber  covered  wire  which  is  run  in  the  trunking,  directly  to 
the  rails,  although  this  is  done  in  some  cases.  As  shown  in 
Pigs.  171-175  a  separate  piece  of  wire,  known  as  a  hoot-leg  wire, 
is  bonded  into  the  rail  and  to  this  is  soldered  the  rubber  covered 
wire.  The  boot-leg  wires  are  made  of  soft  drawn  bare  copper 
wire,  or  of  galvanized  iron  wire,  the  same  size  as  that  used  in 
the  rail  bonds.  As  considerable  trouble  may  be  caused  by  a 
defective  boot-leg  wire,  some  engineers  favor  the  use  of  copper 
wire  on  account  of  its  durability.  However,  iron  wire  being 
stronger,  is  often  used  for  boot-leg  wires  where  it  is  especially 
necessary  to  guard  against  mechanical  injury. 

404,  Jumpers.  Jumpers  for  fouling  sections  (Figs.  127-129), 
crossing  frogs  and  transpositions  (Fig.  209),  are  generally  placed 
in  trunking,  rubber  covered  wire  of  the  same  sizes  as  that  used 
for  battery  and  relay  connections,  being  employed.  In  some 
instances  these  jimipers  are  made  of  bare  copper  or  galvanized 
iron  wire  the  same  size  as  rail  bonds. 


*It  Is  considered  erood  practice  to  use  two  No.  8   B.  &  S.  G.  wires,  In 
place  of  a  single  wire. 
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INSTAIiliATION 

406.  When  laying  wire  in  the  trunking,  it  must  not  be  kinked 
or  its  covering  injured.  In  the  former  case,  the  wire  may  be 
broken  without  being  at  once  discovered,  and  in  the  latter,  the 
injury  to  the  covering  may  admit  moisture  and  possibly  cause 
a  short  circuit,  or  leakage  of  current. 

When  installing  wires  in  conduit,  they  are  usually  fished  into 
place,  the  fish  wire  either  being  put  in  position  when  the  conduit 
is  installed,  or  drawn  into  place  with  a  snake.  When  wires 
are  being  drawn  through  conduit  or  iron  relay  posts,  etc.,  the 
necessary  precautions  should  be  taken  to  guard  against  injury 
to  the  insulation. 

406.  The  wires  should  be  laid  loosely  in  the  trunking  and 
all  possible  slack  allowed  at  turns. 

'  The  use  of  the  pitch  compound  mentioned  in  Art.  104  is 
considered  especially  desirable  in  underground  construction. 
When  this  compound  is  used,  it  is  first  applied  hot  to  the 
inside  of  the  trunking  and  allowed  to  cool;  the  wires  are  then 
laid  in  the  trunking  and  covered  with  the  melted  compound, 
care  being  taken  that  it  is  not  hot  enough  to  bum  the  rubber 
or  braid.  The  inside  of  the  trunking  should  be  perfectly  dry 
when  the  operation  is  commenced  and  no  moisture  should  be 
allowed  to  get  into  it  while  the  work  is  in  progress. 

As  it  is  not  easy  to  change  the  wires  after  they  are  **  pitched 
in",  it  is  well  to  test  them  with  a  magneto  to  insure  that 
they  are  properly  arranged,  before  applying  the  pitch. 

407.  Joints:  The  general  directions  given  in  Line  Con^truo- 
tionior  making  joints  in  rubber  covered  wire,  apply  in  track 
circuit  work. 

As  few  joints  as  possible  should  be  made  in  the  wiring,  it 
being  better  policy  to  waste  a  small  amount  of  wire  than  to 
have  joints.  However,  when  joints  are  unavoidable,  they  should 
not  be  placed  in  trunking  except  in  special  instances  as  noted 
hereafter,  but  should  be  made  in  slack  boxes,  where  they  may 
be  easily  located  and  inspected. 
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408.  Boot-1%  Wires:  In  Pigs.  171-175  are  shown  various 
types  of  boot-leg  wires.  It  wiU  be  observed  that  the  wires  are 
formed  so  as  to  allow  for  considerable  creeping  of  the  rail  with- 
out subjecting  them  to  any  severe  strain. 

Where  the  rubber  covered  wire  is  smaller  than  the  .bare  wire,- 
trouble  has  been  experienced  by  the  small  wire  being  broken 

at  point  A,  Fig.  180,  on  account  of  vibration 
caused  by  passing  trains.    On  this  account, 
the  boot-leg  connections  are  generally  so 
pi«.  180  arranged  that  this  part  of  the  wire  is  sub- 

ject to  as  little  vibration  as  possible.  The  bare  wire  is  attached 
to  the  rail  in  the  same  manner  as  the  rail  bonds. 

It  is  generally  considered  desirable  to  allow  a  small  amount 
of  slack  in  the  rubber  covered  wire  as  shown  in  Fig.  171,  this 
being  advantageous  if  it  becomes  necessary  to  make  a  new 
joint. 

409.  When  installing  the  boot-leg  connection  shown  in  Fig. 

171,  a  sufficient  length  of  rubber  covered  wire  is  allowed  to 
provide  the  slack  and  make  the  joint.  This  wire  is  then  passed 
through  the  hole  in  the  top  of  the  riser,  after  which  the  end 
of  the  wire  is  prepared  for  making  the  joint.  After  the  bare 
wire  has  been  cleaned  at  the  point  where  the  joint  is  to  be  made, 
the  rubber  covered  wire  is  formed  around  it  and  the  joint  sol- 
dered and  painted  with  P.  &  B.  compound.  The  next  step  is 
to  shape  the  bare  wire  and  bond  it  into  the  rail.  The  loop  in 
the  rubber  covered  wire  is  then  formed  and  the  slack  drawn 
back  into  the  riser. 

The  turns  of  rubber  covered  wire  to  the  left  of  the  soldered 
joint  assist  in  preventing  injury  to  the  joint  from  vibration. 

410.  When  making  the  boot-leg  connection  sho^n  in  Fig. 

172,  the  bare  wire  is  doubled  and  passed  through  the  J  in. 
holes  in  the  riser  (sketch  C)  after  which  it  is  bent  into  shape 
and  bonded  into  the  rail.  The  rubber  covered  wire  is  now 
passed  through  the  ^  in.  hole  in  the  riser  and  soldered  to  the 
bare  wire. 

The  joint  is  given  the  necessary  protection  against  vibration 
by  the  attachment  of  the  bare  wire  to  the  riser. 
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411.    The  method  of  procedure  for  making  the  joint  used 
in  the  boot-leg  connection,  Pig.  173,  is  illustrated  in  Pig.  181. 

Two  pieces  of  bare  wire  are 


twisted  together  as  shown  at 
A.  The  rubber  covered  wire 
is  then  twisted  upon  it,  first 
as  shown  at  B  and  then  loop- 
ed and  returned  as  shown  at 
C.  After  soldering  as  shown 
at  D,  the  joint  is  coated  with 
////////  nmUm     P.  &  B.  compound,  wrapped 

with  one   layer  of   friction 

^^'  ^®*  tape,  again  coated  with  P.  & 

B.   compound,   again  wrapped  with  tape,   and  finally   coated 

with    the    compound,   appearing    when    completed,    as    shown 

at  E. 

The  taping  of  the  single  bare  wire  to  the  insulated  portion 
of  the  rubber  covered  wire,  gives  the  joint  the  necessary  pro- 
tection against  vibration.  The  single  bare  wire  is  sometimes 
extended  beyond  the  taping  and  arranged  as  shown  dotted  in 
Fig.  173,  thus  assisting  in  overcoming  vibration. 

412.  It  will  be  noted  in  Pigs.  173  and  175,  that  the  bare 
wires  extend  from  the  trunking  along  the  rail  against  traffic. 
As  the  rail  generally  creeps  with  traffic,  this  arrangement 
provides  against  trouble  from  that  source. 

413.  In  the  boot-leg  connection  illustrated  in  Pig.  174,  which 
as  before  noted,  is  designed  for  use  with  trunking  at  the  surface 
of  the  ground,  the  arrangement  of  the  wiring  is  similar  to  that 
show^n  in  Pig.  171,  with  the  -exception  that  an  additional  piece 
of  rubber  covered  wire  is  attached  to  the  bare  wire,  this  being 
jointed  to  the  main  lead  of  rubber  covered  wire  just  inside  the 
trunking. 

By  referring  to  detail  sketches  A,  B  and  C,  Pig.  174,  it  will 
be  observed  that  the  capping  and  blocks  are  cut  in  such  a 
manner,  that  by  taking  up  the  capping  C  the  entire  wiring  will 
be  free  for  inspection  or  repairs. 

414.  The  boot-leg  shown  in  Pig.  175  is  built  by  attaching  a 
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piece  of  grooved  lumber,  inverted,  to  the  capping.  It  will  be 
noted  that  the  capping  is  cut  at  the  point  where  the  wire  passes 
through  it  as  in  sketch  B,  Fig.  174. 

415.  Where  the  bare  wire  is  attached  to  the  rail  with  bonding 
plugs,  it  is  usually  made  from  a  bond  wire. 

Boot-leg  wires  on  account  of  the  position  which  they  occupy, 
are  subject  to  considerable  hard  usage,  and  therefore  frequent 
inspection  is  necessary. 

If  the  rail  is  found  to  be  creeping,  it  should  not  be  allowed 
to  bring  a  strain  upon  the  wiring,  the  slack  in  the  rubber 
covered  wire  being  paid  out  to  meet  the  altered  condition,  and 
when  necessary  the  bare  wire  being  cut  close  to  the  channel  pins, 
cleaned  and  re-bonded  into  the  rail  at  the  proper  point. 

When  rails  are  being  renewed  boot-leg  wires  should  be  cut 
off  close  to  the  rail  and  stapled  to  the  ties  as  far  away  from 
the  rails  as  possible,  in  order  to  keep  them  in  good  shape  for 
bonding  into  the  new  rails. 

If  a  soldered  joint  between  the  rubber  covered  and  bare  wire 
is  to  be  made  after  the  latter  has  been  attached  to  the  rail, 
which  is  often  necessary  when  making  repairs,  the  use  of  a 
gasoline  torch  will  be  found  convenient. 

416.  Jumpers,  When  jumpers  are  made  of  rubber  covered 
wire  they  are  placed  in  trunking  and  installed  with  the  regular 
boot-leg  wire.  When  made  of  bare  copper  or  iron  wire  they 
are  bonded  directly  into  the  rail,  and  as  before  noted  are  fre- 
quently twisted  together  and  stapled  to  the  ties.  The  latter 
arrangement  although  more  subject  to  mechanical  injury  is 
easily  installed  and  can  be  readily  inspected. 

417.  Single  Rail  Circuits:  When  installing  the  wiring  for 
single  rail  normally  closed  track  circuits,  all  relays  should  be 
connected  to  the  track  with  separate  leads. 

If  the  wiring  should  be  arranged  as  shown  in  sketch  A,  Pig. 
182,  a  break  or  poor  connection  in  the  common  lead  X,  may 
cause  relay  Y  to  be  falsely  energized  by  battery  Z,  the  current 
taking  the  path  indicated  by  the  arrows.     If  the  position  of 
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battery  Z  and  relay  Z  should  be  reversed  bringiDg  the  two  relays 
together,  a  break  or  poor  connection  in  the  common  wire  X, 
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would  also  place  the  two  relays  in  series,  producing  an  effect 
similar  to  that  described. 

Care  should  be  taken  that  the  leads  are  not  crossed  as  shown 
in  sketch  B,  as  in  case  of  a  broken  rail  at  point  S,  relay  Y 
will  be  improperly  energized,  current  passing  through  the  path 
indicated  by  the  arrows. 

In  all  cases  relays  and  batteries  should  be  so  connected  to 
the  track  that  a  relay  will  not  be  placed  in  series  with  a  bat- 
tery or  relay  of  another  circuit  by  a  broken  rail  or  poor  bonding. 
Such  a  condition  is  illustrated  in  sketch  C,  in  which  the  relays 
of  two  single  rail  circuits,  while  connected  to  the  track  with 
separate  leads,  use  one  rail  as  a  common  conductor  from  point 
J  to  frog  E  and  therefore  in  case  of  a  break  or  poor  bonding 
in  this  rail,  for  instance  at  point  L,  the  relays  are  placed  in 
series  and  with  a  train  on  either  of  the  circuits  the  relay  for 
that  circuit  may  be  falsely  energized  as  indicated.  To  overcome 
this  one  of  the  leads,  for  example  M,  should  be  connected  as 
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shown  dotted  so  as  to  avoid  having  rail  J-E  act  as  a  common 
conductor  for  both  circuits. 


418.  Wiring  in  Battery  Shelters:  As  before  noted  it  is  the 
general  practice  to  use  flexible  wire  to  lead  from  the  trunking 
into  the  battery  chutes.  This  is  desirable  as  the  care  of  the 
batteries  require  that  the  elevator  be  often  removed  from  the 
chute  and  consequently  if  solid  wires  were  used,  the  frequent 
bending  would  tend  to  break  them  and  in  any  case  the  elevator 
would  be  more  difScult  to  handle. 


'PlftxibU  Miir* 


Fis.  188 


419.  The  wiring  of  a  chute  for  a  gravity  battery  is  illustrated 
in  Fig.  183,  together  with  an  enlarged  view  of  the  elevator 
wiring. 

It  will  be  noted  that  the  flexible  wire  is  joined  to  the  solid 
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wire  in  the  riser  and  to  solid  wiring  in  the  elevator,  directly 
beneath  the  upper  head. 

The  flexible  wire  is  often  carried  straight  through  the  upper 
head,  instead  of  in  the  manner  illustrated,  although  when  ar- 
ranged as  shown  considerable  support  is  given  to  the  wires  and 
the  possibility  of  their  twisting  and  therefore  bringing  the 
battery  connectors  into  contact  with  the  sides  of  the  chutes  and 
thus  grounding  the  circuit,  is  avoided.  In  order  to  secure  the 
best  results  the  wire  should  fit  the  holes  snugly.  When  carried 
straight  through  knots  are,  in  many  cases,  tied  in  the  wire  on 
each  side  of  the  upper  head  to  provide  the  necessary  support. 

When  two  cells  are  to  be  placed  in  a  three-cell  elevator  they 
are  usually  set  on  the  lower  shelves,  thus  securing  the  benefit 
of  the  full  depth  of  the  chute. 

A  suitable  notch  is  cut  in  the  side  of  the  frost  board  through 
which  the  wires  are  carried. 

420.  Two  types  of  straight  joints  used  when  connecting 
flexible  to  solid  wires  are  illustrated  in  Pig.  184.  Either  of 
these    are    applicable    for    joining    the    flexible    to    the    solid 

wire  in  the  trunking  at 
point  J,  and  also  in  the  ele- 
vator wiring  if  required.  The 
wrapped  joint  shown  at  A  is 
made  in  the  same  manner  as 
the  similar  joint  shown  in 
Line  Construction. 

421.  Two  types  of  branch  joints  required  in  elevator  wiring 
are  illustrated  in  Pig.  185.  It  will  be  observed  that  these  are 
developments  of  the  loop  joint  shown  in  sketch  B,  Pig.  184.  The 
joint  shown  at  C  is  used  at 
points  K,  Pig.  183,  and  that 
shown  at  D,  at  the  same  point 
when  only  two  cells  are  in- 
stalled. 

Instead  of  running  two 
wires  from  K  to  L,  branches 
N  and  N'  are  sometimes 
connected  at  points  L.    Branches  M,  N,  and  P  which  are  usually 
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made  about  14  in.  long  are  wound  into  a  spiral  and  connected 
to  the  battery  zincs.  The  slack  wire  which  is  taken  up  in  the 
spiral,  is  required  when  the  end  of  the  wire  becomes  worn  out  by 
the  binding  screw,  and  in  consequence  must  be  cut  oflf.  It  also 
provides  a  flexible  connection. 

When  removing  the  insulation  and  cleaning  flexible  wire 
preparatory  to  making  a  joint,  it  is  necessary  to  exercise  con- 
siderable care  to  avoid  cutting  the  strands.  The  strands  of 
flexible  wire  are  twisted  together  and  as  they  become  untwisted 
when  being  cleaned,  should  again  be  twisted  tightly  together, 
before  making  the  joint. 

All  joints  are,  of  course,  soldered,  painted  and  taped  as  de- 
scribed in  Line  Construction. 

422.  The  binding  posts  R,  Fig.  183,  an  enlarged  detail  of 
which  is  shown  in  sketch  A,  illustrate  one  method  of  arranging 
the  connections  to  the  battery  coppers.  The  use  of  the  binding 
post  prevents  the  copper  terminal  from  getting  into  contact 
with  the  side  of  the  chute. 

When  connecting  to  this  type  of  post,  solid  wires  after 
being  cleaned,  are  doubled  before  being  inserted  into  the 
hole. 

Fig.  186  illustrates  another  method  of  connecting  to  the 
battery  copper.  In  this  case,  the  terminal  is  not  attached  to 
the  elevator  but  is  soldered  to  the  branch  from  the 
elevator  wiring,  which  is  formed  into  a  spiral  to  provide 
flexibility.  Before  making  the  joint  the  terminal  is 
tinned  where  the  connection  is  to  be  made.  It  is  not 
customary  to  tape  this  joint  although  it  may  be  painted 
with  P.  &  B.  compound. 

423.  In  Fig.  187  is  shown  another  type  of  battery 
connector  used  under  the  same  conditions  as  that  shown 
FiHT.  186  in  Fig.  186.  The  branch  from  the  elevator 
wiring  is  soldered  into  the  groove  which  is  first  tinned, 
and  the  wire  from  the  battery  copper  is  secured  in  the 
hole  by  the  thumb  screw. 

Fiff.  197 

424.  With  some  methods  of  wiring  battery  elevators,  there 
is  a  possibility  when  removing  the  cells  for  renewal,  etc.,  of 
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getting  the  branch  wires  mixed  and  connecting  them  to  the 
wrong  elements  of  the  battery,  thus  reversing  the  polarily  and 
causing  trouble,  especially  in  polarized  circuits.  To  avoid  this 
possibility  of  trouble  the  connections  to  the  battery  copper  should 
be  arranged,  either  as  shown  in  Pigs.  183,  186  or  187,  or  by 
other  suitable  means,  so  that  they  can  be  readily  distinguished 
from  the  zinc  connections. 


425.  It  is  the  practice  in  some  cases,  instead  of  using  a  single 
No.  12  B.  &  S.  G.  flexible  wire  for  each  lead,  to  employ  a 
twisted  pair  of  No.  14  B.  &  S.  G.  for  each  conductor,  so  that  in 

case    one    wire    of    a    pair 
should  break,  the  other  will 
Fis.  188  still  be  effective  in  maintain- 

ing the  circuit.  A  type  of  joint  connecting  one  solid  to  two 
flexible  wires  suitable  for  use  in  such  installations  is  shown 
in  Fig.  188. 


426.  The  wiring  of  battery  boxes  is  usually  very  simple,  the 
solid  wire  from  the  trunking  being  brought  directly  into  the 
box.  In  the  wooden  boxes  the  wires  are  ^^p^  ^^  ^^ 
sometimes  fastened  to  the  sides  with  cleats.*  jff  W  ^^ 
A  branch  wire  should  be  provided  for  at-  .I-rjS--IJ 
tachment  to  each  zinc,  as  indicated  in  Fig. 
190,  which  represents  a  typical  arrange- 
ment for  wiring  three  cells  in  multiple, 
and  battery  connectors,  types  of  which 
are  sho^n  in  Fig.  189,  provided  for  mak- 
ing connection  to  the  battery  coppers. 
The    branch    wire    is    soldered    into    the  '^*«'  ^^ 

groove  in  the  thumb  screw  connector.     The  connection  at  point 

A  can  be  made  satisfactorily 
in  the  manner  illustrated  in 
Figs.   186-187. 


427.    When    mring    battery 
p,j^  jj^j  vaults  and  cupboards,  cleats  are 

often  used  to  advantage.     Staples  are  usually  considered  un- 


•« 


See  Art.  433. 
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desirable  as  they  are  apt  to  injure  the  insulation,  although 
when  protected  by  fiber  as  shown  in  Fig.  191,  they 
may  be  used. 

In  addition  to  the  types  of  battery 
connectors  already  described,  the  type 
shown  in  Fig.  192  is  often  used  in 
vaults  and  cupboards, 


I 
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428.  Wiring  in  Belay  Shelters:  As  indicated  in  Fig.  71, 
the  solid  wires  from  the  trunking  are  usually  lead  into  the 
relay  boxes  and  connected  to  the  lightning  arresters  or  termi- 
nals.  From  the  arresters  or  terminals,  flexible  leads  are  carried 
to  the  relay. 

It  is  only  possible  to  allow  a  small  amount  of  slack  in  the 
solid  wires  in  relay  shelters,  on  account  of  the  inconvenience 
of  handling  and  tracing  due  to  lack  of  space,  but  where  the 
size  of  the  trunking  leading  into  a  relay  box  permits,  some 
slack  may  be  left  in  a  fold  at  that  point.  As  the  flexible  leads 
are  short  and  may  readily  be  replaced,  only  sufficient  slack 
is  allowed  to  permit  the  relay  to  be  tilted  for  inspection. 

429.  Where  connections  are  to  be  made  to  binding  posts  or 
screws  with  flexible  leads,  the  strands  should  be  soldered  to- 
gether to  insure  a  good  connection. 

430.  When  the  flexible  wire  is  to  be  employed  with  a  binding 
post  similar  to  that  shown  in  Fig.  183,  the  wire  is  cleaned,  the 
strands  then  twisted  compactly  together  and  soldered,  preferably 
by  dipping,  the  surface  finally  being  cleaned  as  when  making 

joints.  When  thus  prepared  the  wire 
presents  the  appearance  shown  in 
sketch  A,  Fig.  193. 

With  binding  posts  requiring  that 
Q  the  wire  be  passed  around  the  screw, 

Pis.  193  the  form  of  loop  illustrated  in  sketch 

B,  is  very  frequently  used.  The  wire  is  formed  in  the  manner 
shown  and  soldered  as  just  described.  The  dotted  circle  indi- 
cates the  position  of  the  binding  nut,  showing  that  the  turns 
are  formed  so  that  they  will  not  come  beneath  it,  and  thus  tend 
to  prevent  a  good  contact. 
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After  the  solderiDg  is  completed  the  end  of  the  insulation  is 
frequently  wrapped  with  one  layer  of  friction  tape  and  painted 
with  P.  &  B.  compound,  the  tape  extending  as  close  as  possible 
to  the  binding  post.  This  taping  is  applied  to  prevent  the  in- 
sulation from  slipping  back,  and  exposing  wire  which  might 
come  into  contact  with  other  terminals. 


431.  Other  methods  sometimes  used  to  make  connection 
between  flexible  wires  and  binding  posts,  are  shown  in  Fig. 
194,  these  brass  or  copper  lugs*  being  soldered  to  the  wire 

and  then  attached  to  the  binding 

c Tci^^tMrllllllllillillllllllllllir    posts. 


432.   Wiring  in  Buildings:    In 

many  instances  the  solid  wire  from 
the  outside  trunking  is  brought 
into  the  tower  to  the  lightning 
arresters  or  terminal  boards.  In 
other  cases,  as  before  noted,  oflBce 
wire  is  used  in  the  tower,  being  con- 
nected to  the  rubber  covered  wire 
where  it  enters  the  building. 


■+rr* 
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433.  When  not  placed  in  trunking,  the  interior  wiring  is 
secured  to  the  wall  by  wooden  or  porcelain  cleats  spaced  from 
2  to  4  ft.  apart.  To  obtain  a  neat  ap- 
pearance the  wires  are  stretched  tightly 
between  the  cleats,  and  in  the  case  of 

oflBce  wire,  snubbed 
in  the  manner  shown 
in  Fig.  195,  at  the 
end  of  a  nm,  to  keep 
the  wires  taut.  When  **■*•  ^^ 

turning  comers  the  cleats  should  be  arranged 
piK.  196  ^  shown  in  Fig.  196. 

434.  Where  wires  are  to  be  run  across  floor  joists  which  are 
not  covered  with  ceiling,  a  running-board  should  first  be  nailed 


*Al80  called  Urminals. 
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to  the  floor  joists  upon  which  to  niii  the  wires  to  protect  them. 
A  view  of  this  looking  upward,  is  shown  in  Fig.  197. 


Pis.  19T 


435.  Where  office  wire  is  connected  to  binding  posts  or  screws, 
a  spiral  consisting  of  about  1  ft.  of  wire  wound  upon  a  pencil, 
is  allowed. 


2N      I 
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436.  Blarking  Wires :  All  wires  should  be  marked  to  indicate 
their  function.*  Various  forms  of  tags  are  employed  for  this 
purpose,  the  use  of  fiber  tags,  a  type  of  which  is  shown  in 

sketch    A,    Fig.    198,    being    con- 
sidered very  good  practice. 

Linen  tags  about  1x1^  in.  are 
frequently   used,   the   wire   desig- 
nation being  marked  on  it  with 
FiK.  198  water-proof  ink. 

Brass,  copper,  lead,  aluminimi  and  other  metal  tags,  a  form 
of  which  is  shown  in  sketch  B,  are  used  to  some  extent,  although 
trouble,  due  to  grounds  and  crosses  caused  by  them,  is  sometimes 
experienced. 

On  some  roads  it  is  the  practice  to  stamp  the  wire  desig- 
nation on  the  brass  terminal  strips  (Fig.  71).  Steel  numbers 
or  letters  are  employed  for  this  purpose  and  are  also  used 
to  stamp  fiber  and  metal  tags. 


437.  Fiber  tags  are  generally  attached  to  the  wires  with  -^ 
in.  tarred  yacht  marline,  although  in  some  instances  the  wires 
are  passed  through  the  holes  in  the  tags,  while  in  other  instances, 
the  tags  are  secured  beneath  check  nuts  on  binding  posts.  Metal 
tags  are  either  wrapped  around  the  wires,  or  attached  to  them 


^Systems  of  wire  numbering  and  lettering  are  described  later. 
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with  marline  or  fine  iron  wire.    Linen  tags  are  usually  secured 
with  fine  strong  twine. 

438.  It  is  good  practice  to  tag  all  wires  in  relay  shelters,  at 
lightning  arresters  when  separated  from  the  relays,  in  slack 
boxes,  and  in  battery  shelters  except  in  chutes  where  it  is  done 
only  when  necessary  to  distinguish  the  polarity,  for  instance 
in  the  case  of  polarized  circuits. 

In  the  case  of  batteries  for  two  or  more  circuits  being  placed 
in  one  chute  or  in  a  number  of  chutes  located  close  together,  it 
is  desirable  to  distinguish  between  them  by  marking  the  elevators 
or  suitably  tagging  the  wires. 

In  relay  shelters  the  tags  are  generally  fastened  to  the  splid 
wire. 

439.  When  disconnecting  the  wires  for  any  purpose,  care 
should  be  taken  to  keep  the  tags  with  the  wires  to  which  they 
belong.  Linen  tags  become  soiled  and  disfigured  by  handling 
and  should  therefore  be  renewed  as  circumstances  require. 

440.  Maintenance:  When  run  above  ground,  trunking  is 
sometimes  accidentally  broken  and  the  wires  injured,  as  a  result 
of  derailments,  etc.  In  some  cases,  when  the  insulation  is  only 
slightly  injured,  it  may  be  repaired  by  being  thoroughly  cleaned 
and  dried,  and  then  covered  with  insulating  and  friction  tape, 
and  P.  &  B.  compound,  as  the  case  requires,  being  sure  that  the 
resulting  insulation  is  equivalent  to  that  of  the  rest  of  the  wire. 
However,  if  badly  damaged  it  is  generally  desirable  to  replace 
the  wire,  to  the  nearest  slack  boxes. 

Oil  should  not  be  allowed  to  get  on  to  the  insulation  of  rubber 
covered  wire  as  it  is  likely  to  soften  it. 
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441.  After  a  track  circuit  has  been  installed  a  current  or 
voltage  reading  should  be  taken  at  the  terminals  of  the  relay 
to  insure  that  the  arrangement  of  batteries  (and  artificial  resis- 
tance when  used),  is  giving  the  desired  amount  of  energy. 
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The  general  directions  for  the  installation  and  maintenance 
of  batteries,  given  in  Magnetism  and  Electricity,  apply  to  their 
use  in  track  circuit  work.  The  special  points  in  relation  to  each 
type,  as  used  in  this  connection,  will  now  be  considered. 

442.  Gravity  Batteries:  When  installing  gravity  batteries 
the  method  of  procedure  depends  upon  circumstances,  as  follows : 
First,  if  suflBcient  time  is  available,  the  cells  may  be  set  up 
with  water,  and  each  of  them  left  on  short  circuit.  As  the 
cells  pick  up  slower  at  a  low  temperature,  more  time  must  be 
allowed  during  cold  weather.  Second,  in  case  they  are  required 
for  service  at  once,  zinc  sulphate  solution  may  be  taken  from 
other  cells  which  are  in  operation,  but  if  none  are  within  reach, 
dilute  sulphuric  acid  may  be  used. 

443.  After  a  gravity  battery  has  been  set  up,  it  is  not  desir- 
able to  connect  it  to  the  track  any  considerable  length  of  time 
before  connecting  the  relay,  as  the  small  discharge  through  the 
ballast,  especially  in  case  of  high  ballast  resistance,  would  not 
provide  the  necessary  work  required  by  this  type  of  battery  to 
keep  it  in  good  condition. 

444.  Test.  The  charts  shown  in  Figs.  199-202  represent  the 
action  of  two  cells  of  gravity  battery  connected  in  multiple  to 
a  normally  closed  track  circuit  employing  a  4-ohm  relay.  These 
results  were  obtained  from  a  laboratory  test  in  which  the  max- 
imum ballast  resistance  was  taken  at  10  ohms  and  the  minimum 
at  2  ohms.  Ownng  to  the  variety  of  conditions  governing  the 
operation  of  similar  track  circuits  the  results  obtained  from  an 
actual  test  on  any  one  circuit,  would  not  apply  exactly  to  any 
other  circuit,  and  therefore  this  test  will  convey  a  fair  idea  of 
the  action  of  such  a  battery  on  this  class  of  work. 

446.  Ordinary  6x8  in.  cells  were  employed,  using  a  4  lb. 
circular  zinc,  and  4  lbs.  of  blue  vitriol  in  each  cell.  On  some 
roads  other  types  of  zincs  are  used,  and  in  some  instances  less 
vitriol  is  employed.  However,  such  differences  would  not  materi- 
ally affect  the  results  obtained,  except  when  less  vitriol  is  used, 
the  life  of  the  cell  is  of  course,  shortened. 
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The  battery  was  started  with  water  as  the  electrolyte,  no  white 
vitriol  solution  or  sulphuric  acid  being  used,  and  was  left  on 
short  circuit  for  about  4  hrs.,  after  which  it  was  connected  into 
the  circuit,  the  track  being  shunted  for  about  3  min.  every  half 
hour,  to  represent  train  movements. 

446.  Curve  B,  Pig.  199,  indicating  the  current  output  from 
the  battery  when  the  track  is  unoccupied,  shows  the  effect  of 
variations  in  the  ballast  resistance.  It  will  be  noted  that  be- 
tween the  13th  and  17th  days,  during  which  time  the  ballast 
resistance  varied  between  its  maximum  and  minimum  points, 
the  current  output  varied  between  275  and  480  mil-amperes. 
This  of  course  represents  the  effect  produced  by  wet  weather. 

447.  Curve  C,  representing  the  current  through  the  relay, 
shows,  during  periods  of  wet  weather  when  the  ballast  resistance 
is  low,  that  although  as  indicated  by  curve  B  the  output  from 
the  batter>'  is  considerably  higher  than  in  good  weather,  the 
current  received  by  the  relay  is  lower,  due  of  course,  to  the 
increased  leakage  of  current  from  rail  to  rail. 

448.  The  curve  shown  in  Pig.  200  represents  the  readings 
that  would  be  obtained  on  a  voltmeter  connected  across  the 
track.  It  will  be  observed  that  this  voltage  drops  during  wet 
weather,  as  in  the  case  of  the  current  through  the  relay. 

449.  Curves  D  and  E,  Fig.  201,  represent  the  line  of  de- 
marcation and  the  specific  gravity  of  the  white  vitriol  solution 
expressed  in  Beauiii6  scale. 

It  will  be  noted  that  curve  D  is  not  started  until  the  4th 
day,  as  prior  to  this  time  the  line  of  demarcation  was  not 
well    defined. 

The  sharp  drops  in  curve  E,  indicate  the  dates  on  which 
the  solution  was  weakened,  the  zincs  being  cleaned  on  the  same 
dates.  The  hydrometer  reading  given  for  the  11th  day  repre- 
sents the  reading  which  is  obtained  when  the  cells  are  first 
set  up  with  one  pint  of  white  vitriol  solution  at  30  deg.  Beaum6. 
As  it  is  the  general  practice  when  maintaining,  to  renew  the 
cells  in  this  manner,  the  dates  for  weakening  the  solution  and 
cleaning  the  zincs,  were  calculated  from  this  date. 
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The  variation  in  the  line  of  deniarcation  is  shown  graphically 
in  Fig.  202,  this  of  course,  agreeing  with  curve  D,  and  also 
indicating  the  consumption  of  the  blue  vitriol. 


450.  Maintenance,  "Where  the  ballast  resistance  is  low  and 
consequently  the  resistance  of  the  relay  is  low.  the  current 
consumption  is  such  that  it  is  often  necessary  to  atti'iid  to  the 
batteries  every  two  weeks. 

It  is  the  usual  practice  to  renew  all  the  cells  of  a  battery 
at  the  same  time,  this  of  course,  requiring  that  they  all  be 
repaired*  at  the  same  time.  In  some  eases  however,  with  a 
two-cell  multiple  arrangement,  the  celts  are  renewed  alternately, 
being  set  up  with  water,  no  white  vitriol  solution  being  used. 
When  one  of  the  cells  is  renewed  the  other  is  repaired.  Thus 
it  is  apparent,  that  while  one  of  the  cells  is  picking  up,  the 
eflBeiency  of  the  other  is  high,  and  therefore  a  more  uniform 
output  is  obtained,  than  when  both  cells  are  renewed  at  once. 

461.    In  battery  arrangements  similar  to  E  and  J,  Pig.  88, 
where  the  cells  do  not  exhaust  uniformly,   it  is  the  practice 
*Zlnc9  cleaned  and  solution  weakened. 
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to  change  the  relative  positions  of  the  cells  when  renewing 
and  repairing,  so  that  all  of  the  cells  during  their  life,  will  be 
subjected  to  the  same  amount  of  work. 

462.  Considerable  care  should  be  taken  to  prevent  the  forma- 
tion of  stalactites  on  the  zinc  as  the  short  circuit  which  some- 
times results  will  in  multiple  arrangements,  short  cii'cuit  the 
entire  battery  through  one  cell. 

463.  In  order  to  avoid  cracldng  the  jars  on  account  of 
difference  in  temperature,  it  is  desirable  especially  in  cold 
weather,  to  set' them  upon  a  board  when  removed  from  their 
shelters,  instead  of  setting  them  on  the  ground. 

454.  In  extreme  cold  weather  it  is  sometimes  advantageous 
to  use  warm  water  when  renewing  or  repairing  cells.  In  this 
connection  care  should  be  exercised  to  avoid  cracking  the  jars, 
when  pouring  warm  water  into  them,  by  first  partly  filling  the 
jar  with  cold  water. 

455.  It  is  desirable  to  keep  a  record  of  the  dates  when  the 
cells  are  renewed  and  repaired,  to  avoid  confusion  as  to  when 
they  should  again  receive  attention.  It  is  also  well  to  record 
the  dates  when  new  zincs  are  installed,  so  that  they  will  not 
be  carried  unnecessarily  when  renewing. 

As  it  is  considered  good  practice  to  keep  at  each  battery 
location,  the  materials  necessary  to  set  up  a  complete  cell,  it 
is  also  convenient  to  keep  a  record  of  such  material. 

It  is  advisable  to  note  on  the  record  any  special  conditions 
in  regard  to  the  performance  of  the  batteries,  such  as  hydro- 
meter readings,  etc.,  which  may  be  of  value  in  determining 
when  each  will  again  require  attention. 

456.  Caustic  Soda  and  Potash  Batteries :  On  accoiint  of  the 
low  internal  resistance  of  these  types  of  batteries,  it  is  custo- 
mary, as  before  stated,  to  use  artificial  resistance  in  series  with 
them.  The  value  of  this  resistance  is  sometimes  governed  by 
the  length  of  the  circuit,  but  in  most  cases  a  resistance  of  about 
I  ohm  in  each  circuit,  has  proven  satisfactor5^ 
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Whereas,  owing  to  their  comparatively  high  internal  resis- 
tance, gravity  batteries  should  general^  be  located  as  near  as 
practicable  to  the  point  where  they  are  connected  to  the  track, 
caustic  soda  or  potash  batteries  may  be  located  at  a  considerable 
distance  from  the  point  of  connection,  the  resistance  of  the  wire 
being  calculated  as  a  part  of  the  artificial  resistance. 

As  the  polarity  of  these  batteries  is  liable  to  reverse  under 
certain  conditions,  their  use  on  polarized  track  circuits  is 
sometimes  considered  objectionable. 

457.  As  delays  to  traffic  or  dangerous  conditions  are  likely 
to  arise  due  to  disconnecting  the  battery  from  the  track,  it 
should  be  assured  before  taking  this  step,  that  no  such  conditions 
will  result.  As  a  rule  when  renewing,  but  one  cell  is  discon- 
nected at  a  time,  in  series  arrangements  a  jumper  first  being 
applied. 

In  two-cell  multiple  arrangements  a  single  cell  will  usually 
be  sufficient  to  hold  up  the  relay  but  in  some  cases  may  not  be 
sufficient  to  pick  it  up  if  released.  Therefore  in  such  instances, 
both  cells  should  be  connected  to  the  track  to  insure  the  opera- 
tion of  the  relay,  immediately  after  the  passage  of  a  train.  Of 
course,  if  the  circuit  is  occupied  by  a  train  the  entire  battery 
may  be  disconnected  if  again  connected  before  the  train  passes 
off  the  circuit. 

458.  When  the  spare  material  for  setting  up  a  complete  cell 
is  available,  it  proves  of  considerable  advantage  when  renewing, 
to  set  up  this  cell  and  substitute  it  for  one  of  the  cells  of  the 
battery,  the  cell  which  is  removed  becoming  the  spare  cell. 
Thus  a  part  of  the  battery  is  disconnected  for  the  shortest 
possible  time. 

459.  Before  lowering  the  elevator  into  an  iron  chute  an 
inspection  should  be  made  to  insure  that  the  connections  will 
not  come  into  contact  with  the  sides  of  the  chute,  thus  causing 
a  ground  or  a  short  circuit. 

After  any  work  has  been  done  on  a  battery,  it  is  very  desirable 
as  a  check,  to  connect  a  voltmeter  or  other  suitable  testing  in- 
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strument  across  the  track,  to  insure  the  proper  working 
condition  of  the  battery. 

460.  Storage  Batteries:  It  is  the  common  practice  to  install 
80  ampere-hour  storage  cells  where  it  is  desired  to  supply  one, 
two  or  three  track  circuits  from  the  same  battery.  Cells  of 
larger  capacity  are  used  in  batteries  feeding  a  larger  number 
of  circuits. 

In  batteries  which  are  floated  on  generator  circuits,  smaller 
capacity  cells  are  sometimes  used. 

461.  An  installation  of  storage  batteries  together  with  ad- 
justable resistances  and  charging  switch,  is  shown  in  Pig.  179. 
It  will  be  observed  that  the  resistances  are  of  the  type  shown 
in  Fig.  44. 

462.  It  is  the  usual  practice  to  connect  storage  batteries  at 
different  locations  in  series  with  each  other  when  chaining. 

When  so  arranged  it  is  desirable  to  have  a 
double-throw  cut-out  switch  at  each  location, 
connected  as  shown  in  Pig.  203,  so  that  the 
charging  line  may  be  completed  through  it, 
thus  allowing  the  batteries  to  be  disconnected 
from  the  line,  without  interrupting  the  charg- 
ing of  other  batteries  in  the  same  circuit. 

The  installation  of  charging  lines  is  treated 
later. 

463.    As   the   use   of   artificial    resistance   is 
Figr.  20S  always   necessary    with   storage   batteries  they 

may  be  located  at  some  distance  from  the  point  where  con- 
nection is  made  to  the  track,  as  explained  in  connection  with 
caustic  soda  or  potash  batteries. 

Puses  when  used  with  storage  batteries  are  mounted  on  slate 
or  porcelain  bases,  and  so  located  that  they  may  be  easily 
replaced  if  blown. 

464.  Storage  batteries  used  on  track  circuits  are  generally 
charged  daily  in  order  that  a  good  reserve  for  emergencies 
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may  always  be  available.  The  charging  is  frequently  done  at 
night,  thus  allowing  the  charging  line  to  be  dead  in  the  day 
time  when  inspection  and  other  work  about  the  batteries  is 
usually  done.  In  this  connection  it  is  well  to  remember  that 
exposed  flames  (lanterns,  etc.)  should  not  be  brought  dose  to 
the  cells  when  gassing. 

As  the  capacity  of  storage  batteries  is  decreased  by  extreme 
cold  weather,  it  may  be  advisable  to  charge  them  more  frequently 
at  such  times. 

Records  of  the  hydrometer  readings  and  voltage  of  each  cell 
should  be  made  regularly.  This  is  often  done  each  day  when 
the  charging '  switch  is  changed,  although  the  voltage  test  is 
sometimes  taken  at  less  frequent  intervals. 

466.  The  bare  resistance  wire  of  adjustable  resistances,  Figs. 
43-44,  is  liable  to  become  corroded,  especially  if  exposed  to  the 
fumes  of  storage  cells,  and  therefore  whenever  changing  the 
adjustment,  the  surface  of  the  wire  should  be  cleaned. 
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TESTING 

466.   Instruments:    It  is  desirable  to  have  a  mU-ammeter* 

• 

a  low  reading  voltmeter*  and  a  magneto  for  testing  in  con- 
nection with  track  circuits.  A  volt-ammeter  is  commonly  used, 
although  some  of  the  tests  require  the  use  of  separate  instruments. 
Another  instrument  used  in  testing  track  circuits,  is  an  electro- 
magnet wound  to  about  the  same  resistance  as  the  track  relays 

with  which  it  is  used,  the  coils  being  well 
protected  and  the  armature  so  arranged  that 
its  operation  may  be  readily  observed.  A 
tester  of  this  type  is  illustrated  in  Fig.  204. 
It  may  be  used  in  place  of  a  voltmeter  where 
it  is  necessary  to  indicate  the  presence  of 
voltage  but  not  the  exact  amount.  An  esti- 
mate of  the  voltage  at  the  terminals  of  the 
tester  may  be  made,  by  judging  the  strength 
piK.  204  with  which  the  armature  is  attracted. 


*See  Arts.  311  and  316. 
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467.  Ballast  Resistance:*  When  measuring  for  ballast  resis- 
tance, weather  conditions  should,  of  course,  be  considered. 

If  it  is  desired  to  ascer- 
tain the  ballast  resistance      — I 

of  a  length  of  track,  it  may     — I 

be  done  after  the  track  has 

been  bonded  and  the  in- 

stilated  joints  installed,  by 

the  use  of  a  mil-aTniiieter,  **■*•  *^ 

voltmeter,  and  one  or  more  cells  of  battery  connected  at  the 

center  of  the  circuit,  as  shown  in  Fig.  205,  the  resistance  being 

calculated  by  applying  Ohm's  Law   (Art.  316). 

The  object  of  connecting  the  meters  at  the  center  of  the 
circuit  is  to  minimize  the  effect  of  resistance  in  the  rails  and 
bonding.  As  any  unusual  resistance  in  the  bonding  may  mate- 
rially affect  the  results  obtained,  it  is  desirable  when  accuracy 
is  reciuired,  to  take  a  voltmeter  reading  at  each  end  of  the  track, 
while  the  battery  and  ammeter  are  still  connected,  any  consider- 
able discrepancy  in  the  voltm(»t(T  readings  indicating  unusual 
resistance  in  the  bonding  (Art.  474). 


468.  This  method  may  of  course,  also  be  employed  when  it 
i»  desired  to  find  the  ballast  resistance  of  an  ordinary  normally 
closed  track  circuit,  the  relay  being  disconnected  and  the  track 
battery  used  in  making  the  test. 


469.    When   taking   curn^nt   readings   at   a  multiple 

.       battery,  it  is  well  to  disconnect  the  wires  from  all  the 

'^y\    I  zincs,  and  connect  them  to  the  meter  as  shown  in  Fig.  206. 

I    I        470.    If,  as  is  often  the  case,  it  is  undesirable  to  have 

^    the  relay  disconnected  long  enough  to  make  this  test, 

Fi».  '2on  the   ballast   resistance   may    be   obtained   from   current 

readings  taken   at  the  batter}^   and  relay,   using  formula    (2) 

(Art.  114),  arranged  as  follows. 


ir 


n 


I  —  i 


(13) 


•The  resistance  of  the  rails  and  bonding  has  not  been  considered. 
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» 

471.  Problem. — If  in  a  normally  closed  track  circuit  using  a  4-ohm 
relay,  current  readings  of  125  and  375  mil-amperes  are  taken  at  the 
relay  and  the  battery  respectively,  what  is  the  ballast  resistance? 

Answer. — 2  ohms. 

472.  To  find  the  ballast  resistance  of  a  normally  open  track 
circuit  the  mil-ammeter  should  be  connected  in  place  of  the 
relay,  and  the  voltmeter  connected  as  in  Fig.  205. 

473.  A  Wheatstone  bridge  may  of  course,  be  used  for  making 
resistance  measurements,  but  the  methods  described  are  suf- 
ficiently accurate  for  most  purposes. 

474.  Bonding:  If  it  is  desired  to  test  the  conductivity  of 
the  bonding  in  a  track  circuit,  voltage  readings  should  be  taken 
from  rail  to  rail,  beginning  at  one  end  of  the  circuit,  at  inter- 
vals of  about  twenty  rail  lengths  on  long  circuits,  and  at  more 
frequent  intervals  on  short  circuits.  If  considerable  difference 
is  noted  between  two  adjacent  readings  it  indicates  that  there 
is  unusual  resistance  in  the  bonding  between  these  points  and 
to  locate  this  resistance,  additional  readings  should  be  taken 
between  them.  When  a  joint  is  found,  on  each  side  of  which 
the  readings  show  a  marked  difi'erence,  the  meter  should  be 
connected  acnns  it  and  if  any  appreciable  deflection  is  noted, 
it  is  of  course  an  indication  of  considerable  resistance  in  the 
bonding.  If  the  bond  wires  are  not  broken,  unusual  resistance 
at  any  of  the  pins  or  plugs  may  b(»  located  by  the  same 
method. 

If  a  low  reading  voltmeter  is  not  obtainable  a  mil-ammeter 
may  be  used  in  the  same  manner.  However,  as  the  resistance 
of  the  mil-ammeter  is  ver>'  low,  connecting  it  across  the  rails 
will  of  course,  shunt  the  relay,  being  likely  to  cause  delay  to 
traffic  and  sometimes  dangerous  conditions,  which  should  be 
guarded  against. 

476.  Poor  bonding  is  often  very  difficult  to  locate,  because 
the  path  through  the  splice  plates  may  at  times,  carrj*^  the 
current  satisfactorily,  and  thus  with  defective  bond  wires,  the 
conductivity  of  this  path  may  vary  considerably  in  a  very  few 
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hours  causing  intermittent  failures  and  possibly  being  good 
while  a  test  is  conducted. 

If  the  condition  of  the  bonds  at  any  joint  is  doubtful,  such 
as  in  a  crossing  where  they  cannot  readily  be  inspected,  the 
meter  should  be  connected  across  the  joint  and  the  rails  rapped 
sharply  with  a  hammer.  If  the  reading  of  the  meter  is  altered 
appreciably  it  is  an  indication  that  the  bonds  are  defective. 

476.  Broken  Bail  Protection:  If  it  is  desired  to  test  the 
eflSciency  of  a  track  circuit  for  detecting  broken  rails,  it  may 
be  done  as  follows:  An  insulated  rail  joint  is  installed  in  one 
of  the  rails,  usually  at  the  center  of  the  circuit,  and  bridged 
with  bonds  made  in  two  parts  which  are  joined  by  suitable 
connectors  so  that  they  can  be  readily  opened  or  closed.  Thus 
the  effect  of  a  broken  rail  may  be  reproduced  at  any  time  by 
opening  these  bonds,  and  measurements  then  taken  will  indicate 
what  effect  a  broken  rail  at  this  point  would  have  on  the 
relay. 

477.  Fouling  Sections:  As  the  efficiency  of  multiple  fouling 
sections,  Figs.  127-128,  is  dependent  upon  the  connection  made 
by  the  jumpers  and  the  bonding  of  the  siding  rails,  frequent 
inspection  is  necessary. 

Aside  from  noting  the  condition  of  these  connections,  the 
following  test  should  be  made  when  circumstances  permit.  If 
the  operation  of  the  relay  can  be  readily  observed,  a  jumper 
connected  as  shown  dotted  at  A,  Fig.  207,  close  to  the  insulated 

rt 
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joints,  should  shiuit  the  relay,  this  indicating  that  the  jumper 
and  the  bonding  of  a  portion  of  the  fouling  section  is  in  good 
condition.  The  jumper  is  then  connected  as  at  B  to  test  for 
the  balance  of  the  bonding. 

If  the  operation  of  the  relay  cannot  conveniently  be  noted, 
a  voltmeter  or  other  suitable  instrument  should  be  connected 
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as  shown,  and  its  operation  observed  as  a  substitute  for  the 
relay. 

With  the  double  jumper  arrangement,  Fig.  128,  in  addition 
to  the  tests  at  the  ends  of  the  fouling  section,  it  is  well  to  span 
the  siding  rails  with  the  jumper  at  the  center. 

If  on  account  of  density  of  traflSc  or  for  any  other  reasons, 
it  is  not  desirable  to  shunt  the  relay,  readings  taken  with  the 
voltmeter  spanning  the  siding  rails  at  A  and  B,  instead  of 
the  test  jumper,  should  agree  with  a  reading  taken  on  the 
main  track,  to  indicate  that  the  connections  are  in  good 
condition. 

478.  When  testing  the  series  fouling  section.  Fig.  129,  either 
of  the  tests  just  described  may  be  employed  to  indicate  the 
condition  of  the  bonding  in  the  siding  rail  between  joints  C 
and  D.  Insulated  joint  A  should  be  tested  in  the  manner 
described  in  Arts.  311-316. 

479.  Pole  Changers:  As  resistance  in  the  contacts  of  pole 
changers  may  materially  affect  the  operation  of  polarized  track 
circuits,  these  contacts  should  occasionally  be  tested  by  measur- 
ing the  current,  and  the  drop  in  voltage  across  them,  and 
calculating  their  resistance  by  the  use  of  Ohm's  Law. 

If  a  low  reading  voltmeter  is  not  obtainable,  the  resistance 
may  be  judged  by  comparing  the  readings  of  a  mil-ammeter 
bridging  the  contacts,  with  readings  taken  when  the  contacts 
are  in  good  condition. 

In  case  of  unusual  resistance  in  the  contacts  they  should  be 
cleaned,  emery  cloth  being  employed  for  this  purpose. 


FOREIGN    CURRENT 

480.  One  of  the  most  troublesome  causes  of  failures  is  the 
presence  of  foreign  current  in  track  circuits. 

Such  current  may  not  only  oppose  the  battery  and  de- 
energize  the  relay  improperly,  thus  causing  delays  to  traffic, 
etc.,  but  it  may  be  of  sufficient  strength  to  energize  the  relay 
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when  the  track  is  occupied,  which  of  course,  is  liable  to  produce 
a  very  dangerous  condition. 

481.  Sources:  The  most  common  sources  of  foreign  current 
are  electric  roads  and  power  and  lighting  circuits,  situated  in 
the  same  locality  as  the  track  circuits,  although  in  some  instances 
it  is  diflficult  to  trace  its  origin.* 

The  stray  propulsion  currents  from  electric  roads,  are  probably 
the  most  important  factor  to  contend  with  in  track  circuit 
operation. 

482.  Testing:  Where  there  is  reason  to  suspect  the  presence 
of  foreign  current  in  a  circuit,  it  may  sometimes  be  detected 
by  disconnecting  the  battery  and  inserting  a  mil-ammeter  in 
series  with  the  relay,  readings  upon  which  will  indicate  the 
strength  of  stray  currents.  If  no  reading  is  obtained,  it  cannot 
be  considered  as  conclusive  evidence  of  the  absence  of  foreign 
current,  owing  to  the  fact  that  these  currents  often  fluctuate 
considerably,  and  whereas  at  any  certain  time  there  might  not 
be  sufficient  current  to  show  a  deflection,  a  few  minutes  later 
there  might  be  more  than  enough  to  operate  the  relay.  In  many 
instances  the  polarity  of  the  stray  currents  is  also  a  variable, 
changing  frequently  in  the  same  track  circuit  and  thus  requiring 
close  observation  of  the  action  of  the  meter. 

483.  If  at  any  time  an  exceptionally  high  voltage  reading  i ; 
obtained  at  any  point  in  the  circuit,  it  should  if  possible  be 
traced,  as  it  is  generally  an  indication  of  the  presence  of  foreign 
current.** 

484.  Remedies:  Whenever  foreign  current  is  found  to  be 
present  in  a  track  circuit,  measurers  should  be  taken  to  overcome 
or    at   least    minimize    its   effect.      There    are   several    methods 

*  employed  to  obtain  this  result. 

^Vs  stated  in  Art.  145,  it  is  generally  desirable  not  to  connect 
a  number  of  long  track  circuits  together,  either  to  a  common 
source  of  energy,  or  as  single  rail  circuits.  It  is  apparent  that 
while  the  foreign  current  in  one  circuit  might  not  be  strong 


•See  Art.  245:  .storage  battery  effrct  of  treated  ties. 
•*See  Art.    319. 
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enough  to  cause  any  trouble,  if  a  number  were  connected  to- 
gether the  combined  effect  would  be  likely  to  produce  bad 
results.  In  this  connection  long  circuits  are  sometimes  cut  into 
two  parts. 

485.  The  rails  should  be  kept  as  well  insulated  from  the 
ballast  as  possible,  and  high  resistance  maintained  at  the  insul- 
ated joints,*  in  order  to  make  it  difficult  for  foreign  current  to 
get  to  the  rails.  As  mentioned  in  Arts.  41-43,  interlocking  pipe 
and  wire  lines  are  insulated  from  the  rails,  to  assist  in  this 
connection. 

It  should  be  understood  that  the  potential  causing  the  stray 
current  to  flow,  does  not  break  down  the  insulation,  but  simply 
causes  current  to  leak  through  or  across  it. 

486.  The  bonding  should  be  kept  in  first  class  condition  so 
that  the  wheels  will,  at  any  point  on  the  circuit,  have  their 
maximum  effect  in  shunting  the  relay.  It  will  readily  be  under- 
stood that  in  ease  foreign  current  enters  a  normally  closed  track 
circuit  near  the  relay,  any  increase  in  resistance  between  the 
relay  and  the  wheels  on  account  of  poor  bonding,  will  caase  an 
increase  in  the  amount  of  stray  current  flowing  through  the 
relay,  thus  tending  to  energize  it  improperly. 

If  there  are  any  cutouts  (Figs.  122,  135  and  136)  in  a  track 
circuit,  voltage  measurements  should  frequently  be  made  at 
(jach  end  of  them ;  if  any  unusual  difference  of  potential  is 
discovered  it  indicates  that  the  resistance  in  the  jumper 
has  increased,  and  the  cause  should  at  once  be  located  and 
removed. 

487.  By  using  a  relay  of  as  high  resistance  as  possible,  ad- 
ditional protection  may  be  secured  against  foreign  current, 
on  account  of  the  comparatively  high  voltage  required  to 
operate  it. 

488.  When  tliere  is  a  grade  crossing  of  an  electric  road  and 
a  road  on  which  there  are  track  circuits  as  in  Fig.  208,  a  low 
resistance  path  should  be  provided  for  the  propulsion  current 


•See  Arts.  262-265  and  .306-308. 
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return.  In  addition  to  the  regular  bonding  of  the  frogs,  it 
will  be  noted  that  a  heavy  cable  spans  the  crossing,  being  con- 
nected to  both  rails  of  the 
electric  road,  and  all  portions 
of  the  frogs  connected  to  it. 
Therefore  in  case  of  poor 
bonding,  a  very  low  potential 
difference  will  be  maintained 
between  any  two  parts  of  the 
frogs,  and  very  little  if  any 
current  is  likely  to  be  forced 
on  to  the  track  circuit  rails. 
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489.  It  will  be  noted  that 
the  track  circuits  are  carried 
around  the  frogs  through 
jumpers,  which  are  well  in- 
sulated from  the  rails,  sometimes  being  carried  overhead.  These 
jumpers  where  placed  in  trunking  as  well  as  the  taps  between 
the  frogs  and  the  large  cable,  are  made  of  rubber  covered  wire, 
not  smaller  than  No.  9  B.  &  S.  6. 

490.  In  some  instances  good  results  have  been  obtained  by 
using  the  arrangement  shown  in  Fig.  208,  with  the  exception 
that  instead  of  carrying  the  track  circuits  through  jumpers 
across  the  electric  road,  the  circuits  are  terminated  on  each  side 
of  it,  the  track  batteries  being  installed  at  this  point,  and  feed- 
ing in  the  same  direction  as  the  foreign  current,  if  its  direction 
can  be  definitely  determined. 

491.  It  often  happens  that  the  electric  road  runs  up  on  both 
sides,  close  to  the  tracks  on  which  the  circuits  are  installed,  but 
does  not  cross  them.  In  such  instances,  a  high  potential  differ- 
ence is  apt  to  be  maintained  between  the  two  portions  of  the 
electric  road,  which  will  probably  force  current  through  the 
ground  to  the  track  circuit  rails. 


492.    "When  considerable  potential  difference  is  found  to  exist 
between  the  rails  of  a  track  circuit,  caused  in  the  manner  just 
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described  or  in  a  similar  manner,  it  may  be  found  advantageous 
to  insert  a  transposition,  Fig.  209,  at  the  point  of  highest  poten- 
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tial,  which  is  found  by  taking  voltage  readings  with  the  battery 
and  relay  disconnected.  Thus  a  low  resistance  path  is  provided 
between  the  rails,  the  foreign  current  passing  from  rail  to  rail 
through  the  jumpers  as  shown  by  arrows,  instead  of  through 
the  relay.  .  When  installing  transpositions  the  arrangement  of 
the  insulated  rail  joints  should  of  course,  be  governed  by  the 
residting  dead  section  (Art.  299).  If  the  jumpers  are  made 
of  bare  wire  they  should  be  well  separated  to  prevent  accidental 
shunting  of  the  relay. 

At  bridge  crossings  where  the  electric  road  passes  under  the 
track,  and  the  trolley  wire  is  supported  by  the  steel  structure 
of  the  bridge,  current  from  this  wire  may  cause  trouble  on  track 
circuits  on  the  bridge,  on  account  of  defective  insulation  of  the 
wire  from  the  structure.  To  guard  against  such  trouble  it  is 
customary  to  ground  the  bridge  structure,  thus  providing  a 
return  path  for  the  trolley  current  in  case  of  leakage. 

493.  As  mentioned  in  Art.  182,  the  use  of  a  multiple  clearing 
relay  often  assists  in  overcoming  the  effect  of  foreign  current. 
For  instance  in  Fig.  210,  with  a  broken  rail  or  poor  bonding  at 


■FH' 


B-i 


Z 


rA 


r-^ 


Controlled  Circuit  - 


t=f 


1-; 


4  Ohm 


Flff.  210 


point  A,  and  the  wheels  in  the  position  shown,  the  4-ohm  relay 
might  be  energized  by  foreign  current  entering  the  circuit  near 
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it.  But  by  installing  the  16-ohm  rt4ay  and  carrying  the  eon- 
trolled  circuit  through  contacts  on  both  relays,  the  16-ohm  relay 
would  be  de-energized  and  the  controlled  circuit  kept  open. 
However,  with  poor  bonding  also  at  point  H,  the  16-ohra  relay, 
with  the  wheels  in  the  position  shown,  may  be  energized 
by  the  track  battery,  and  thus  may  fail  to  give  the  desired 
protection. 

The  differential  clearing  relay.  Art.  224,  may  also  be  used  in 
this  manner. 

494.  When  employing  clearing  relays  as  just  described,  the 
connections  of  the  battery  and  clearing  relay  to  the  track,  should 
be  made  by  independent  wiring,  for  in  case  either  pair  C  and  C 
or  D  and  D',  Fig.  210,  are  joined  and  connected  by  a  single  lead 
to  the  rail  (a  method  of  installation  sometimes  followed),  this 
lead  may  break  or  make  poor  connection,  in  which  event  the 
clearing  relay  would  be  likely  to  be  energized  continuously. 

When  the  differential  relay  is  used  (Fig.  121),  the  coils  of 
the  clearing  relay  should  be  connected  to  the  rails  separately, 
the  low  wound  coil  being  in  series  with  the  battery. 


495.  When  electric  roads  run  parallel  to  the  tracks  upon 
which  th(»  circuits  are  in  use,  it  is  often  found  desirable  to  pro- 
vide a  path  for  the»stray  current.  An 
arrangement  available  for  a  short  iso- 
lated track  circuit  is  shown  in  Fig.  211, 
in  which  the  foreign  current  is  carried 
past  the  circuit,  by  a  jumper  of  suit- 
able capacity. 

Fl«.  211 

496.  The  arrangement  ilustrat(*d  in  Fig.  212,  in  which  single 
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rail   circuits  are   used,  may  occasionally   be   employed  to  ad- 
vantage.    It  will  be  observed  that  the  dead  rails  are  bonded 
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together  by  jumpers  and  that  the  common  rail  conducts  the 
stray  current  past  the  circuits. 

407.  It  is  generally  conceded  that  the  most  efficient  means  to 
overcome  the  effect  of  foreign  current,  is  to  employ  alternating 
current  as  a  source  of  energy  using  a  relay  not  affected  by 
direct  current  or  by  foreign  alternating  current.* 

RECX)RDS 

498.  When  making  tests  it  is  generally  desirable  to  keep  a 
record  of  the  results  obtained.  For  instance,  if  making  a  voltage 
test  as  described  in  Art.  474,  the  readings  in  the  order  taken, 
and  any  other  information  of  value,  such  as  the  battery  arrange- 
ment, type  and  resistance  of  relay,  weather  conditions,  etc., 
should  be  recorded. 

If  it  is  desired  to  study  more  in  detail  the  drop  in  voltage, 
it  will  be  found  very  convenient  to  plot  a  curve  from  the  readings 
taken.  This  will  not  only  indicate  at  a  glance  any  unusual  condi- 
tions, but  will  give  a  very  fair  idea  of  the  voltage  at  points 
between  those  at  which  the  readings  were  taken.  On  such  a 
chart,  the  distance  from  the  battery  would  be  shown  at  the 
bottom  in  feet  or  rail  lengths,  the  voltage  appearing  at  the  side. 

It  will  sometimes  be  found  advantageous  to  record  tests  of 
fouling  sections,  insulated  joints,  relay  contacts,  pole  changer 
contacts,  etc.,  which  are  of  value  for  comparison  when  making 
inspections. 

FAILURES 

499.  Normally  Closed  Track  Circuits:  If  it  is  discovered 
that  a  normally  closed  track  circuit  has  failed  to  pick  up  the 
relay,  testing  for  the  trouble  may  be  started  at  practically  any 
point  in  the  circuit  by  taking  a  voltage  reading  across  the  rails. 
If  a  normal  reading  is  obtained  it  indicates  that  the  battery  is 
in  good  condition  and  also  the  portion  of  the  circuit  between  the 
battery  and  the  point  where  the  test  is  being  made.  This  test 
should  now  be  repeated  moving  towards  the  relay. 

If  a  sudden  drop  is  noted  between  two  adjacent  readings,  it 


*A.  C.  track  circuits  are  treated  later. 
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will  of  course,  indicate  that  between  the  points  where  the  read- 
ings were  taken,  there  is  unusual  resistance  in  the  circuit,  such 
as  defective  bonding  or  high  resistance  in  a  jumper.  For  in- 
stance, if  the  voltage  readings  taken  at  each  end  of  a  jumper 
similar  to  that  shown  in  Fig.  122,  vary  considerably,,  a  test 
jumper  should  be  attached  to  the  rails  at  the 'same  points  as  the 
permanent  jumper,  being  connected  in  multiple  with  it.  If 
after  the  test  jumper  is  connected  the  voltage  at  each  end  is 
about  the  same,  it  is  of  course,  an  indication  of  resistance  in  the 
permanent  jumper. 

If  no  special  drop  is  noted  before  reaching  the  relay,  a  test 
should  be  made  at  its  terminals,  at  which  point  a  good  reading 
will  of  course,  indicate  a  defective  relay.  A  low  reading  at  this 
point  will  indicate  high  resistance  in  the  relay  leads.  A  test 
jumper  should  therefore  be  connected  in  multiple  with  one  of 
them,  the  operation  of  the  relay  indicating  that  there  is  high 
resistance  in  the  permanent  lead.*  If  the  relay  does  not  operate  it 
is  an  indication  that  this  lead  is  in  good  condition  and  the  other 
lead  defective,  the  latter  now  being  tested  in  a  similar  manner. 

600.  If  when  the  voltage  is  first  taken  across  the  rails  an 
unusually,  low  reading  is  obtained,  these  tests  should  be  re- 
peated, moving  towards  the  battery.  If  no  trouble  is  found 
when  the  battery  is  reached,  the  voltage  on  the  rails  still  being 
low,  then  a  high  reading  across  the  battery  terminals,  indicates 
resistance  in  the  leads  to  the  track,  which  should  be  located  by 
using  the  test  jumper  as  described  in  connection  with  the  relay 
leads,  the  voltmeter  being  connected  across  the  rails,  to  indicate 
when  the  jumper  spans  the  defective  lead. 

Assuming  that  the  voltage  is  still  low  when  taken 
at  the  battery  terminals,  and  that  the  battery  appears 
to  be  in  good  condition,  then  one  side  of  the  battery 
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) 


ij  1     should  be  disconnected  from  the  track  and  its  voltage 

i]        again  measured  with  the  meter  connected  as  shown 

.i<S>!        in  Fig.  213,  a  low  reading  in  this  instance  indicat- 

FiK.  213     ing  that  the   battery  is  not   in  working  condition. 

To   definitely  locate  such  trouble  the  cells  should  be  tested 

separately. 


*If  there  Is  any  doubt  as  to  which  of  the  rails  either  binding  poet  is 
connected  to.  the  test  jumper  should  be  touched  to  each  post. 
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A  high  reading  may  sometimes  be  obtained  when  batteries 
are  disconnected,  even  if  they  are  in  poor  condition,  owing  to 
the  rest  they  receive  while  their  connections  are  being  changed 
for  the  test.  To  insure  that  the  reading  shows  the  true  con- 
dition of  the  battery,  the  latter  should  be  short-circuited  for 
about  a  minute,*  after  the  meter  has  been  connected,  removing 
the  shunt  while  the  meter  is  still  in  circuit.  A  high  reading 
obtained  directly  after  the  shunt  is  removed  is  usually  an  in- 
dication that  the  battery  is  in  good  working  order. 

A  current  test  instead  of  a  voltage  test  may  be  made  by 
connecting  a  mil-ammeter  in  place  of  the  voltmeter  as  shown  in 
Fig.  213,  each  cell  being  tested  separately.  Of  course,  when 
making  tests  of  caustic  soda  or  potash  or  storage  batteries,  the 
artificial  resistance  must  be  kept  in  series  with  the  meter. 

The  output  of  primary  batteries,  especially  gravity  cells,  which 
remain  out  of  chutes  for  any  great  length  of  time  during  cold 
weather,  is  likely  to  be  considerably  reduced  and  this  should  of 
course  be  taken  into  consideration  when  testing. 

In  case  there  is  no  trouble  found  with  the  battery,  the  next 
step  in  the  test,  is  to  obtain  a  current  reading  with  the  mil- 
ammeter  connected  as  in  Fig.  206.  Under  these  conditions  a 
high  reading  should  be  obtained,  indicating  that  there  is  a 
shunt  on  the  circuit. 

The  next  step  is  to  locate  and  remove  the  shunt,  inspecting 
the  ballast,  examining  and  testing  if  necessary  all  insulated  joints 
separating  rails  of  opposite  polarity,  switch,  front,  and  lock 
rod  insulation,  wedge  blocks,  etc.,  and  inspecting  connections 
wherever  short  circuits  might  occur. 

If  after  making  a  close  examination  the  shunt  is  not  located, 
a  current  measurement  should  be  taken  at  the  relay.  A  high 
reading  will  indicate  that  the  relay  is  defective  and  a  low 
reading,  that  the  relay  is  in  proper  working  order,  the  shunt 
having  been  overlooked. 

As  the  test  for  insulated  joints  (Arts.  311-316),  does  not 
indicate  the  condition  of  the  end  post,  it  may  now  be  desirable 
to  take  apart  the  joints  which  were  tested,  and  inspect  this 
portion  of  them. 


*The   artificial   resistance   should    of   course,    be   kept   In   series   with 
storagre   batteries    durincr   this   test. 
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If  this  does  not  discover  the  trouble,  the  switch,  front,  and 
lock  rod  insulation  may  be  given  a  more  thorough  examination, 
by  disconnecting  one  end,  and  if  dry,  testing  with  the  magneto. 
Another  method  of  testing  the  rods  is  to  connect  the  voltmeter 
across  the  rails,  noting  the  effect  when  the  rods  are  disconnected. 

Assuming  that  the  foregoing  inspection  has  not  located  the 
trouble,  the  bonds  should  be  cut  and  the  plates  removed  from 
a  joint  at  the  middle  of  the  circuit  and  a  voltmeter  reading 
taken  across  the  rails  on  the  side  nearest  to  the  battery,  as 
shown   in   Pig.   214.     A   low   reading   will   indicate   that   the 


■1-^ 


9~ 


4H 


FtiT.  214 


trouble  is  between  the  open  joint  and  the  battery  and  a  high 
reading,  that  it  is  on  the  other  side  of  the  open  joint.  In  case 
the  trouble  is  in  the  direction  of  the  relay,  a  mil-ammeter  con- 
nected around  the  open  joint  as  indicated,  will  act  as  a  check 
on  the  voltmeter  test  by  giving  a  high  reading. 

The  next  step  after  replacing  the  joint  and  connecting  the 
bonds,  is  to  open  up  another  joint,  midway  between  this  joint 
and  the  end  of  the  circuit  toward  which  the  trouble  appears  to 
be,  that  is  either  at  B  or  B',  conducting  the  test  in  a  manner 
similar  to  that  just  described.  By  repeating  this  operation  the 
shunt  will  be  traced  to  a  short  length  of  track,  which  can  then 
be  examined  very  closely. 

In  case  the  trouble  appears  to  be  due  to  low  ballast  resistance 
possibly  on  account  of  the  ties  being  saturated  with  water,  as 
might  be  indicated  by  moderate  readings  when  testing  at  the 
open  joint  in  the  middle  of  the  circuit,  it  may  be  of  advantage 
to  make  a  ballast  resistance  test. 

The  possibility  of  a  shunt  occurring  in  a  fouling  section, 
should  not  be  overlooked. 

601.  With  the  tests  described  in  Arts.  499-500,  it  is  assumed 
that  there  is  only  one  source  of  trouble  in  the  circuit.     It  is 
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however,  quite  possible  that  there  are  two  or  tnore  causes  of 
failure,  and  therefore  considerable  care  and  judgment  will 
sometimes  be  required  in  the  use  of  the  meters. 

502.  Occasionally  a  circuit  will  be  found  in  which  the  relay 
is  receiving  considerably  less  than  its  normal  amount  of  current, 
and  will  be  likely  to  fail  under  severe  conditions,  as  for  instance 
continued  wet  weather.  In  such  a  case  the  voltage  at  the 
terminals  of  the  relay  should  be  taken  to  insure  no  increase  in 
its  resistance,  which  would  of  course,  be  indicated  by  a  high 
reading.  A  low  reading  indicates  either  low  ballast  resistance 
or  other  shunt  on  the  circuit,  or  poor  bonding  or  other  series 
resistance.  The  next  step  is  to  determine  if  the  trouble  is  due 
to  a  shunt  or  to  series  resistance,  the  method  of  procedure  being 
governed  accordingly. 

503.  Intermittent  Failures,  Intermittent  failures  are  those 
in  which  the  cause  of  trouble  varies  in  its  effect  upon  the  circuit. 
One  cause  of  such  failures  is  described  in  Art.  475. 

As  a  close  inspection  made  when  the  circuit  is  working 
properly  may  not  discover  the  trouble,  it  is  very  desirable  to 
be  present  when  the  circuit  fails,  in  order  that  its  condition  may 
then  be  tested.  On  this  account  it  is  well  to  note  if  the  failures 
constantly  recur  at  any  particular  time  of  the  day,  as  is 
occasionally  the  case. 

504.  The  expansion  and  contraction  of  the  rails  due  to 
changes  in  temperature  may  alter  the  conductivity  of  a  poorly 
bonded  joint  (Art.  475),  or  may  materially  change  the  resistance 
of  a  defective  insulated  joint.  A  loose  wedge  block  may  be  the 
source  of  trouble,  or  the  switch  rod,  Figs.  19  and  32,  may  come 
into  contact  with  the  stock  rail,  making  a  path  of  variable  resis- 
tance. Loose  connections  such  as  at  binding  posts,  bonding 
connections,  poorly  soldered  joints,  a  break  in  the  wire  inside 
of  rubber  insulation,  etc.,  are  a  common  cause  of  this  class  of 
failures.  Soldered  joints,  especially  of  copper  to  iron  wire,  may 
present  a  good  appearance  but  the  joint  be  poor,  owing  to  the 
fact  that  the  solder  has  not  made  good  connection  with  the 
iron. 
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Foreign  current  is  occasionally  a  factor  to  be  considered, 
intermittent  trouble  sometimes  being  the  first  indication  of  its 
presence  in  the  circuit.  Therefore,  if  other  tests  fail  a  foreign 
current  test  may  prove  to  be  of  advantage. 

606.  When  intermittent  trouble  is  present  it  is  desirable  to 
make  a  very  thorough  inspection,  being  careful  not  to  overlook 
bonding  at  obscure  points  such  as  highway  crossings,  station 
platforms,  guard  rails,  detector  bars,  jumpers  under  wooden 
blocking  at  switches,  etc.,  and  bonds  behind  splice  plates. 

606.  Clear  Failures.  If  the  armature  of  a  relay  on  a  normally 
closed  track  circuit  fails  to  release  when  the  track  is  occupied, 
the  relay  should  at  once  be  inspected,  first  taking  the  necessary 
precautions  to  insure  safety.  If  the  relay  appears  to  be  in  good 
condition,  a  voltmeter  test  at  its  terminals  or  a  current  reading 
at  this  point  when  the  track  is  occupied  should  if  possible,  be 
taken.  If  a  reading  below  the  drop-away  point  is  obtained  (the 
armature  being  up),  it  of  course  indicates  a  defective  relay. 
If  a  reading  above  the  drop-away  point  or  only  a  small  per- 
centage below  it,  is  obtained,  the  trouble  is  caused  either  by 
poor  wheel  contact  or  by  foreign  current. 

If  it  is  customary  to  sand  the  tracks  at  any  particular  point, 
the  effect  of  a  resulting  poor  wheel  contact  may  frequently  be 
overcome  by  substituting  a  relay  of  higher  resistance,  and  in- 
creasing the  internal  or  artificial  resistance  at  the  battery 
(Arts.  147-155). 

In  a  few  cases  the  rust  or  scale  on  new  rails  has  been  known 
to  cause  a  poor  wheel  contact,  and  it  may  be  necessary  in 
such  instances  to  station  a  man  to  watch  the  operation  of 
the  relay  until  good  shunting  is  insured  by  the  wearing  of 
the  rails. 

When  it  is  not  convenient  to  get  readings  with  the  track 
occupied,  the  relay  should  be  tested  for  its  drop-away  point. 

607.  If  a  relay  is  found  to  be  defective  and  a  substitute  is 
not  immediately  available,  a  tester  Fig.  204,  or  a  meter  may 
be  connected  in  place  of  the  relay,  if  it  is  desired  to  ascertain 
whether  or  not  the  circuit  is  occupied. 
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608.  Normally  Open  Track  Circuits:  The  most  common 
failures  in  normally  open  track  circuits,  are  those  resulting 
from  low  ballast  resistaace,  the  relay  failing  to  release,  although 
the  same  effect  may  be  produced  by  crosses  in  the  wiring  which 
may  be  due  to  defective  wire  insulation  or  other  insulation 
breakdown. 

If  the  relay  does  not  pick  up  when  the  track  is  occupied, 
it  is  probably  due  to  a  break  in  the  wiring  although  the  relay 
or  battery  may  be  defective.  The  wiring  may  be  tested  by  means 
of  test  jumpers  connected  in  multiple  with  them. 

509.  Records:  It. is  generally  required  that  a  record  be  made 
of  all  failures,  stating  the  cause  and  remedy,  and  giving  such 
other  information  as  may  be  of  value  for  comparison  with  other 
similar  failures.  By  such  a  comparison  it  is  apparent  that  the 
efSiciency  of  the  various  types  of  apparatus  and  materials 
employed  and  the  methods  of  installation,  may  be  ascertained. 
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EXAMINATION  QUESTIONS  AND  PROBLEMS 

(1)  Which  produces  the  higher  ballast  resistance,  wet  or 
dry  ties? 

(2)  (a)  On  which  side  of  the  rail  is  it  the  usual  practice 
to  place  the  bond  wires?  (6)  At  what  points  is  it  desirable 
to  place  them  on  both  sides  ? 

(3)  Why  is  it  desirable  to  install  bond  wires  the  same  day 
that  the  holes  are  drilled  ? 

(4)  Give  one  reason  for  allowing  considerable  slack  in  bond 
wires. 

(5)  Why  is  it  undesirable  to  place  bond  wires  behind  splice 
plates? 

(6)  If  the  insulated  rail  joints  separating  two  adjacent 
double  rail  track  circuits  are  staggered  sufficiently  to  allow  an 
engine  to  stand  between  them,  what  effect  will  an  engine  thus 
placed,  have  upon  the  circuits? 

(7)  Why  should  steol  chips  be  removed  when  drilling  switch 
rods  for  insulation? 

(8)  Why  should  care  be  exercised  when  putting  bolts  into 
insulated  rail  joints  ? 

(9)  If  in  testing  an  insulated  joint,  a  current  reading  of 
30  mil-amperes  and  a  voltage  reading  of  1.45  volts  is  secured, 
what  is  the  insulation  resistance  between  the  parts  tested? 

(10)     Explain  the  use  of  a  magneto  in  testing  the  type  of 
insulated  rod,  shown  in  Fig.  20. 
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(11)  State  two  considerations  when  locating  battery  chutes. 

(12)  Why    are   the   inside   corners   of   turns   in   trunking 
rounded  Y 


(13)  How  is  drainage  provided  in  trunking? 

(14)  Give  two  methods  for  fastening  capping  in  position. 

(15)  Why  are  slack  boxes  used? 

(16)  What  is  a  boot-leg  wire? 

(17)  Why  is 'it  desirable  to  test  pipe  line  insulations  before 
installing  them? 

(18)  Would  it  be  good  practice  to  install  a  ground  plate  in 
dry  sand? 

(19)  (a)  At  what  points  in  a  track  circuit  installation  are 
flexible  wires  generally  used?  (6)  For  what  purpose  are  they 
employed  ? 

(20)  Why  are  wires  tagged? 

(21)  State  what  procedure  you  would  follow  when  setting  up 
a  gravity  battery  for  immediate  use  on  track  circuits. 

• 

(22)  Prom  charts  Figs.  199-201 :  (a)  What  was  the  current 
output  from  the  battery  on  the  38th  day,  with  the  track  un- 
occupied? (6)  What  was  the  current  through  the  relay  at  the 
same  time?  (c)  Where  was  the  line  of  demarcation  on  the 
42nd  day?  (d)  What  was  the  voltage  across  the  track  on  the 
28th  day? 


y 


(23)  If  current  readings  of  160  and  350  mil-amperes  are 
taken  at  the  relay  and  the  battery  respectively,  of  a  normally 
closed  track  circuit  using  a  5-ohm  relay,  what  is  the  ballast 
resistance  ? 
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(24)  Of  what  value  are  track  battery  records? 

(25)  After  working  on  a  battery,  what  method  is  employed 
to  insure  that  the  battery  and  connections  are  in  good  condition? 

(26)  What  size  storage  cell  is  commonly  used  on  track 
circuit  workt 

(27)  Are  storage  batteries  for  track  circuit  purposes 
generally  connected  in  series  or  in  multiple  when  being  charged? 

(28)  When  testing  with  an  instrument  on  the  track,  what 
method  is  used  to  secure  good  rail  contact  ? 

(29)  What  is  the  ballast  resistance  on  a  length  of  track, 
if  the  mil-ammeter  gives  a  reading  of  110  mil-amperes,  and  the 
voltmeter  a  reading  of  1.2  volts? 

(30)  Explain  a  ballast  resistance  test  which  uses  only  a 
mil-ammeter. 

(31)  When  making  a  current  test  of  a  storage  battery :  (a) 
Should  the  mil-ammeter  be  connected  across  the  battery  ter- 
minals, or  should  the  artificial  resistance  be  placed  in  series 
with  them?    (6)    Why? 

(32)  If  a  noticeable  voltage  is  obtained  when  one  terminal 
of  the  meter  is  connected  to  a  bond  wire  and  the  other  to  the 
rail  to  which  the  bond  is  attached,  what  does  it  indicate? 

(33)  Why  is  it  often  difficult  to  locate  defective  bonding? 

(34)  If  across  the  rails  of  a  multiple  fouling  section  a  read- 
ing of  .65  volt  is  secured  and  across  the  rails  of  the  track  to 
which  the  section  is  connected,  a  reading  of  1.2  volts,  what 
condition  is  indicated? 

(35)  Describe  a  test  for  indicating  the  presence  of  foreign 
current. 
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(36)  Why  is  trouble  due  to  foreign  current  not  always 
indicated  by  a  test? 

(37)  Explain  the  manner  in  which  transpositions  assist  in 
overcoming  foreign  current  trouble. 

(38)  If  the  relay  of  a  normally  closed  track  circuit  remains 
picked  up  when  the  track  is  occupied  the  voltage  at  its  terminals 
being  well  below  its  drop-away  point ;  does  it  indicate  trouble  in 
the  circuit  or  in  the  relay  f 

(39)  On  what  tyi>e  of  track  circuit  is  it  necessary  to  exercise 
particular  care  not  to  reverse  the  connections  of  the  battery? 

(40)  What  is  indicated  by  a  high  voltage  across  the  rails 
near  the  battery  and  a  low  voltage  near  the  relay,  on  a  normally 
closed  track  circuit  f 

(41)  If  the  ballast  resistance  of  a  normally  open  track  cir- 
cuit using  a  4-ohm  relay  drops  to  6  ohms,  the  battery  giving 
.75  volt,  what  will  be  the  result? 

(42)  If  there  appears  to  be  high  resistance  in  a  pole  changer 
contact,  explain  the  test  which  should  be  applied. 

(43)  If  a  higher  voltage  is  obtained  across  the  rails,  at  the 
relay  end  of  a  normally  closed  track  circuit,  than  is  found  near 
the  battery,  what  condition  is  indicated? 

(44)  If  the  resistance  between  two  parts  of  an  insulated 
rail  joint  is  45  ohms  and  the  voltage  used  in  testing  is  3  volts, 
what  current  reading  should  be  obtained  between  these  parts? 

(45)  Why  should  a  boot-leg  connection  have  considerable 
mechanical  strength? 
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HIGHWAY  CROSSING 

SIGNALS 


1.  At  highway  grade  crossings  it  is  the  general  practice  to 
provide  means  to  warn  those  using  the  highway  of  the  approach 
of  trains.* 

In  some  cases  it  is  required  that  trains  reduce  speed  when 
approaching  such  crossings,  but,  as  a  rule,  w^hen  warnings  are 
provided,  this  is  considered  unnecessary. 

2.  Methods  of  Warning:  A  sign  post  bearing  a  suitable  in- 
scription, such  as  '* RAILROAD  CROSSING  DANGER'',  is 
generally  erected  at  all  highway  crossings,  and  in  many  cases 
a  post  suitably  marked,  such  as  with  the  letter  W,  known  as  a 
whistle  post,  is  located  a  certain  distance  from  the  crossing, 
the  engineman  being  required  to  whistle  when  passing  it,  while 
approaching  the  crossing.  The  locomotive  bell  is  also  rung 
while  the  train  is  passing  from  the  whistle  post  to  the  crossing. 
The  whistle  post  is  especially  desirable  where  no  other  means 
are  provided  to  give  warning  of  the  approach  of  trains. 

3.  It  is  customary  also  to  station  flagmen  at  the  crossings, 
whose  duty  it  is  to  warn  those  using  the  crossing,  of  the  ap- 
proach of  trains. 

Where  there  are  two  or  more  trac^,  and  in  some  cases  on 
single  track  roads,  crossing  gates**  are  employed,  as  they  are 
more  effective  than  flagging. 

To  assist  the  flagmant  an  annunciator,  is  sometimes  provided, 
being  operated  by  the  trains  when  they  approach  within  a  cer- 


•In  some  Instances  means  of  warning  are  provided  at  points  where 
the  highway  passes  under  the  tracks,  in  order  that  horses  which  are 
easily  frightened,  may  not  be  under  the  tracks  during  the  passage  of 
a  train. 

••These  gates  upon  the  approach  of  trains,  are  moved  by  the  flagman 
to  a  position  sp£uinlng  the  highway  on  each  side  of  the  tracks. 

fThls  term  as  here  used  is  understood  to  mean  persons  flagging,  or 
operating  crossing  gates. 
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tain  distance  from  the  crossing.    In  some  cases  the  annunciator 
is  arranged  to  give  a  visual  as  well  as  an  audible  indication. 

4.  Some  railroads  require  that  their  enginemen  receive  a 
signal  from  the  flagman  before  proceeding  over  the  crossing. 
This  same  result  is  accomplished  in  a  few  instances  by  locat- 
ing fixed  signals,  a  short  distance  from  the  crossing,  and  so 
controlling  them,  that  they  cannot  be  cleared  for  the  passage 
of  a  train  until  the  crossing  gates  are  in  a  x>osition  to  prevent 
access  to  the  tracks. 

At  some  points  the  crossing  gates  are  arranged  to  swing 
across  the  tracks  when  the  highway  is  being  used.  Therefore^ 
if  the  gates  do  not  span  the  tracks,  it  indicates  to  the  engine- 
man  that  he  may  proceed,  the  highway  being  closed. 

5.  At  many  crossings,  it  is  not  thought  desirable  to  incur 
the  expense  required  to  provide  the  services  of  a  flagman,  on 
account  of  the  infrequency  of  train  movements,  and  the  small 
amount  of  traffic  on  the  highway.  In  some  instances  such  con- 
ditions prevail  only  at  night,  at  which  time  the  attendant  is 
dispensed  with.  To  provide  adequate  warning  in  such  cases, 
it  has  been  found  advantageous  to  install  automatic  alarms,, 
which  give  an  indication  when  the  trains  are  a  certain  distance 
(from  1,000  to  3,000  ft.)  from  the  crossing,  this  indication  con- 
tinuing until  the  trains  reach  the  crossing.  The  distance  is  of 
course,  governed  by  the  maximum  speed  of  the  trains. 

6.  Alarms  usually  consist  of  large  electric  bells,  in  some 
cases  electric  lamps  being  used  in  connection  with  them.  These 
lamps  are  so  placed,  that  a  danger  indication  is  given  on  the 
highway  and  with  certain  types,  a  clear  indication  on  the  track, 
being  arranged  to  give  an  intermittent,  or  a  continuous  light, 
only  when  the  trains  are  approaching.  Thus  where  bells  and 
lamps  are  employed,  people  using  the  highway  are  given  an 
audible  indication  in  the  day  time  and  at  night  both  an 
audible  and  a  visual  indication.  The  type  of  lamp  which  emita 
light  both  on  the  highway  and  track,  also  indicates  to  the 
engineman,  whether  or  not  the  alarm  is  operating  properly. 

It  is  customary  to  have  the  alarms  tested  daily,  frequently 
by  the  track  patrolman.     If  an  alarm  is  found  to  be  out  of 
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order,  a  temporary  flagman  is  stationed  at  the  crossing  until 
it  is  repaired. 

7.  As  an  additional  precaution,  it  has  sometimes  been  found 
desirable  to  install  alarms,  at  points  where  flagmen  are  stationed 
and  also  at  points  where  crossing  gates  are  used^ 

8.  Methods  of  Operating  Alarms:  Alarms  are  controlled 
through  relays  operated  by  track  circuits,  track  instruments, 
trolley  switches  or  contacts,  and  also  by  time  circuit  controllers. 

9.  Track  circuits.  In  many  cases  the  alarms  are  controlled 
by  ordinary  neutral  track  relays  suitably  interconnected,  while 
in  other  instances,  the  desired  results  are  obtained  by  inter- 
locking  relays,  which  form  part  of  the  track  or  line  circuits. 

Short  track  circuits,  so  located  as  to  start  and  stop  the  op- 
eration of  the  alarm  at  the  proper  time,  are  sometimes  employed 
to  provide  means  of  control,  the  control  circuits  being  carried 
through  line  wires. 

10.  Track  instruments.  These  devices  are  operated  by  a 
train  passing  over  them,  a  part  of  the  instrument  being  de- 
flected by  actual  contact  with  the  wheels  or  by  the  deflection 
of  the  rails.  They -are  so  arranged  that  when  operated,  a  cir- 
cuit  controlled  by  them  is  opened  or  closed,  producing  the  same 
results  as  obtained  with  the  short  track  circuits. 

m 

Track  instruments  are  employed  where  it  is  not  desired  to 
install  track  circuits,  as  for  instance  where  the  rails  are  em- 
ployed as  a  return  for  propulsion  current,  and  in  some  cases 
where  the  track  circuits  are  used  to  control  apparatus  foreign 
to  the  crossing  alarms,  at  which  points  it  is  considered  un- 
desirable, on  account  of  the  complications  which  would  arise, 
to  control  the  crossing  alarm  through  track  circuits. 

11.  Trolley  switches  or  contacts.  These  devices  are  operated 
by  the  trolley  wheels  or  trolley  poles,  and  are  so  arranged  that 
their  effect  is  similar  to  that  obtained  by  the  use  of  the  short 
track  circuits  or  track  instruments. 
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12.  2'ime  circuit  controllers.  These  mechanisms  are  con- 
trolled by  means  of  short  track  circuits  or  track  instruments, 
located  at  a  suitable  distance  from  the  crossing.  They  are  so 
constructed  that  when  operated  they  will  keep  the  bell  ringing 
for  a  predetermined  length  of  time,  this  being  governed  by 
the  time  required  for  trains  traveling  at  an  ordinary  speed 
to  reach  the  crossing. 

This  arrangement  is  used  to  advantage  where  trains  are 
required  to  stop  after  they  have  started  the  bell  ringing,  but 
before  they  reach  the  crossing,  such  as  at  stations,  for  switch- 
ing purposes,  etc.,  as  the  bell  will  stop  ringing  at  the  end  of 
the  given  time.  Of  course,  no  alarm  would  be  given  when  the 
train  again  starts  toward  the  crossing,  but  in  such  cases,  it  is 
considered  unnecessary  as  the  train  is  then  usually  moving 
slowly. 

13.  The  flagman's  annunciator  is  operated  by  track  circuits 
or  by  track  instruments  located  at  a  suitable  distance  from  the 
crossing,  the  controlling  circuits  being  carried  by  line  wires, 
when  necessary. 
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BELLS 

14.  The  bells  employed  for  automatic  alarms'  are  usually  of 
the  vibrating  type.  Thoy  vRvy  in  size  from  8  to  20  in.  in 
diameter,  12  in.  gongs  being  most  commonly  used. 

The  bells  used  for  annunciators  for  flagmen,  vary  in  size 
from  2^  to  8  in.  in  diameter. 

15.  A  very  common  type  of  vibrating  boll,  known  as  the 
skeleton  frame  bell,  is  illustrated  in  Fig.  1.* 

In  some  cases  back  straps  for  the  magnet  cores,  are  provided. 

♦See  >ragrnetliim  and  Electricity  for  the  principle  of  operation. 
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but  tlie  vans  are  fretiUfntly  attached  directly  to  a  back  yoke 
A.  cast  as  a  part  of  the  iron  base,  as  shown  in  P^ig.  1. 

The  cores  are  usually  provided  with 
brass  or  copper  armature  stoi>s.  The 
m'aguet  eoils  are  generally  core  wound, 
the  ends  being  protected  by  hard  rub- 
ber or  vulcanized  fiber  magnet  heads, 
and  the  sides  with  book  binders  cloth 
or  heavy  linen  cord  treated  with 
waterproof  compound.  It  is  con- 
sidered good  practice  to  iiapregimte 
the  eoils. 

16.    The  armature  is  pivoted  on  a 
steel  rod,  provided  with  conr  shaped 
or    cijlhtdrical    trunnions.     The    ar- 
rangement  of  the   armature   hanger 
PU:-  1  B*  for  the  bell  shown  In  Fig.   1,  is 

illustrated  in  Fig,  2.  It  will  be  observed  that  the  frame  1, 
is  attached  to  the  base  2,  by  means  of  two  screws  3,  the  lower 
trunnion  bearing  4  acting  as  a  dowel.  The  holes 
in  the  base  and  in  the  hanger  are  sometimes  made 
in  the  form  of  slots,  so  as  to  allow  a  slight  lateral 
adjustment  of  the  armature. 

The  npprr  tninnion  bearing  5,  is  adjiistable,  ■ 
being  so  arranged  in  order  to  take  up 
the  wear  of  the  trunnions  and  bear- 
ings. It  is  held  in  place  with  a  cheek 
nut  as  shown,  or  other  locking  device. 
"When  cylindrical  trunnions  are  used  the  upper  trunnion  bearing 
is  often  made  in  the  form  of  a  cap  screw,  n  on -adjust  able,  the 
lower  bearing  being  simply  a  hole  drilled  in  the  frame, 

17,  The  hammer**  and  its  rod  C.  is  securely  fastened  to  the 
free  end  of  the  armature. 

The  tension  spring  D,  is  made  of  a  metal,  such  as  phosphor 
lininze.  brass,  or  <if  steel  piano  wire.   The  tension  of  the  spring 

•Alsn   t-Hlleil  IruiMion /rami. 
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shown  in  Fig.  1,  can  be  changed  by  the  adjusting  rod  E,  to 
which  the  spring  is  attached,  and  which  passes  through  the 
tension  post  F.  This  rod  is  threaded  at  one  end,  being  adjusted 
by  thumb  screw  Q  and  locked  hy  screw  H. 

The  tension  spring  strap.  J,  which  forms  the  connection  be- 
tween the  spring  and  the  armature,  is  either  screwed  or  riveted 
to  the  latter. 

18.  The  contact  spring  K,  which  is  also  secured  to  the  arm- 
ature, sometimes  being  held  beneath  the  tension  spring  strap. 

is  made  of  brass  or  phosphor  bronze, 
preferably  the  latter.  Platinum  con- 
tacts are  generally  provided  these 
being  riveted  into  the  ends  of  the 
spring.  In  order  to  secure  the  same 
fiexibtlity  and  at  the  same  time  employ 
heavier  material,  contact  springs  are 
FiK.  X  sometimes  formed  as  shown  in  Ii^g.  3. 

19.  An  enlarged  detail  of  the  contact  poet  L,  is  shown  in 
Fig.  4.  The  contact  screw  6,  which  is  adjustable,  being  locked 
in  position  by  screw  7,  has  a  platinum  tip.  The 

two  screws  8,  which  secure  the  post  to  the  base 
9,  and  prevent  it  from  twisting,  are  insulated 
from  the  base  by  means  of  hard  rubber  or  vul- 
canized fibre  plates,  or  washers  and  bushings. 

20.  An   arrangement   of  the  contact  spring 

and  post  somewhat  different  to  that  described,  ttg.  4 

in  Fig.  5.  As  will  be  seen  the  spring 
I  into  three  fingers  each  being  provided 
Qtact  point.  The  contact  screw  is  made 
with  a  T-shaped  epd  carrying  three 
tips,  one  for  eac^h  finger,  and  is  locked 
in  position  by  the  lock  screw. 

21.    Another  method  of  arranging 
■■m.  »         the  contacts  shown  in  Fig.  5,  is  il- 
lustrated in  Fig.  6.     In  this  case  an  additional  spring  12,  is 
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substituted  for  the  T-head,  contact  points  being  attached  to 
this  spring  in  the  same  manner  as  to  the  fingers.   An  ordinary 

set  screw  10,  locked  in  place  by  screw  11,  is  em- 
ployed to  secure  the  proper  adjustment. 

Binding  post  M,  Fig.  .1,  is  secured  to  and  insulated 
from  the  base,  in  the  same  manner  as  the  contact 
post.  Binding  post  N,  however,  in  the  bell  sho^n, 
is  cast  as  a  part  of  the  base. 

22.  The  electrical  connections  are  as  follows: 
From  binding  post  M,  through  the  upper  coil,  lower 
coil,  contact  post  L,  contact  spring  K,  to  the  arm- 
ature and  its  hammer  which  are  grounded  to  the  base, 
current  passing  through  the  base  to  binding  post  N.  Cur- 
rent may  also  pass  from  the  armature  through  the  tension 
spring  to  the  base. 

The  path  through  the  armature  hanger  bearings  is  liable  to 
develop  resistance  on  account  of  corrosion  or  the  presence  of 
oil,  and  to  avoid  trouble  from  this  source  a  spiral  jumper  made 
of  a  fine  wire  or  small  stranded  wire  is  sometimes  used,  being 
connected  from  the  contact  spring  in  multiple  with  the  path 
through  the  frame.  The  wire  is  very  flexible  so  as  not  to  impede 
the  action  of  the  armature, 

In  some  instances,  especially  with  the  larger  bells,  the  base 
is  not  used  as  a  path  for  current,  although  the  circuit  is  not 
insulated  from  it,  while  in  other  cases  the  circuit  is  entirely 
insulated. 


23.  Oong  P,  Fig.  1,  is  made  of  bell  metal,  or  of  cast  or  pressed 
steel,   the  hole  sometimes  being  drilled  slightly   off  center  so 
that  by  turning  the  gong,  a  diflPerent  adjustment  may  be  ob- 
tained.   In  other  cases  means  are  provided  to  prevent  the  gong  . 
from  tiT'ning  and  thus  aecidently  getting  out  of  adjustment. 

24.  Metal  parts  which  are  liable  to  rust,  are  generally  nickel 
plated,  or  otherwise  suitably  finished. 


26.    An  enclosed  tjrpe  of  the  bell  shown  in  Fig.  1,  is  il- 
lustrated in  Fig.  7.     It  will  be  noted  that  a  gasket   (rubber 
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or  folt)  is  provided  upon  which  the  cover  fits,  making  a  weather- 
proof joint. 

26.  Another  lorm  of  the  cnt-Iosed 
type,  with  the  cover  in  plaec  and  lock- 
ed, is  shown  in  Fig.  8.  The  wires  are 
brought  into  the  ease  through  lori- 
cated  iron  conduit,  thus  being  protect- 
ed. The  cover  over  the  K'*ig  protects 
it  and  also  the  hammer  from  the  in- 
terference to  which  crossing  bells  are 
especially  subject. 


Pis.  7 

27.  ■  The  small  types  of  belb  are 
W()und  as  low  as  1.4  ohms,  the  re- 
si.nance  usufllly  increasing  with 
the  size  of  the  gong.  The  following 
table  gives  the  resistances  of  bells 
of  different  sizes  and  the  voltages 
required  to  operate  them,  these 
values  being  employed  by  a  prom- 
inent manufacturer. 


Gongr 

Olims 

Volts 

Gong 

Ohms 

v„.t. 

21 

1  4—1.5 

2.5 

8 

3 

3 

1.4-1.5 

2.5 

9 

5.2 

31 

].4— 1.5 

2.5 

10 

5.2 

7.5 

4 

1.4—1.5 

2-5 

12 

5.2 

5 

2.1 

3-25 

14 

5.2 

6 

7 

2,1 
3 

3.25 
5 

15 
18 

5.2 
S 

1        8.6 
11 
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Of  course,  it  is  sometimes  desirable  to  alter  these  resistances 
to  suit  lotal  conditions,  such  as  available-  voltage,  etc.  For 
instance,  if  current  from  a  higher  voltage  battery  employed 
for  other  purposes,  is  available,  it  would  probably  be  more 
ei-ononiical  to  have  the  bell  wound  to  a  higher  resistance,  thus 
adapting  it  to  the  higher  voltage,  than  it  would  be  to  use 
only  part  of  the  battery  on  the  bell  circuit,  causing  the  cells 
used  in  this  manner  to  exhaust  more  rapidly  than  the  balance 
of  the  battery. 

28.  Devices  known  as  buzsera  (constructed  like  a  small  bell 
with  thi'  gong  and  hammer  omitted)  are  sometimes  employed 
instead  of  small  bells, 

29.  Another  type  of  bell,  the  op- 
eration of  which  is  similar  to  that 
just  described,  is  illustrated  in  Pig. 
9,  and  an  enlarged  view  of  the  op- 
erating parts  in  Fig.  10. 


As  will  be  seen  a  flat  ten- 
sion spring  is  employed,  being 
secured  to  the  armature  hanger 
engaging  with  the  armature  thrt 
of  the  link  or  stirrvp*    The  tens 

called  the  front  contact  spring  _  ..  „ 

contact  points.  The  other,  known  as  the  back  contact  spring 
is  held  by  screws,  in  an  adjustable  stud,  the  adjustment  being 
obtained  by  loosening  the  screw  in  the  slot  and  moving  the 
lever  either  to  the  right  or  left  as  reijuired. 

Instead  of  depending  upon  the  core  pins  to  act  as  a  stop  for 
the  armature,  an  adjustable  stop-yoke  is  sometimes  provided, 
this  device  being  attached  to  the  base  in  such  a  manner  that 
it  will  receive  the  blow  of  the  free  end  of  the  armature. 


10 
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It  will  be  observed  that  the  motion  between  the  contact  springs 
is  such  that  the  contact  surfaces  slide  on  each  other,  thus  tend- 
ing to  keep  them  clean. 

30.  There  are  three  kinds  of  contacts  used  with  this  bell : 
First,  platinum,  the  front  contact  spring  having  three  platinum 
plates  attached  to  it,  and  the  back  contact  spring  being  divided 
into  three  fingers  each  fitted  with  platinum:  Second,  carbon, 
each  spring  being  fitted  with  a  carbon  block:  Third,  sUver 
carboiif  in  which  the  carbon  blocks  are  silver  plated. 

31.  The  movement  of  this  type  of  bell,  is  frequently  mounted 
upon  an  enameled  slate  base,  thus  insuring  good  insulation  of 
all  parts,  although  wood  and  iron  bases  are  often  employed. 


3-^ 


32.  Another  method  of  arranging  contact 
springs  is  shown  in  Pig.  11.  The  circuit  is 
completed  through  spring  1,  and  contact  2, 
this  path  being  broken  when  the  armature  is 
attracted  to  the  coils,  by  the  insulated  adjust- 
ing screw  3,  which  passes  through  the  armature, 
and  forces  spring  1,  away  from  contact  2,  at 
the  e7id  of  the  forward  stroke. 


Fts.  11 


33.    Another  type  of  vibrating  bell  is  illustrated  in  Fig.  12. 
The  operating  parts  are  mounted  so  that  the  hammer  1,  which 


FlK.   V2 
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is  inside  the  bell,  will  fall  away  from  it  when  the  circuit  is 
broken.  The  hammer  is  rigidly  attached  to  its  operating  arm 
2,  which  is  pivoted  at  point  A,  the  free  end  of  the  operating 
arm  resting  iipon  that  of  the  armature  bar  3,  and  thus  forming 
a  contact  through  which  the  bell  circuit  is  controlled.  When 
the  operating  circuit  is  closed  the  armature  is  drawn  up  against 
its  stops,  thus  raising  the  hammer  which  continues  in  motion, 
after  the  armature  has  stopped,  until  it  strikes  the  bell.  The 
circuit  is  broken  when  the  operating  arm  leaves  the  armature 
bar,  and  consequently  the  magnet  is  de-energized,  the  arm- 
ature being  forced  away  from  the  coils  by  a  flat  spring  riveted 
to  it,  placed  between  its  face  and  the  pole  faces.  The  hammer 
rebounds  from  the  bell,  assisted  by  spring  4,  and  the  operating 
arm  again  comes  into  contact  with  the  armature  bar,  forcing 
it  further  from  the  magnet,  bending  spring  5,  and  again  com- 
pleting the  circuit.  This  spring  then  unites  with  the  magnet 
in  returning  the  armature  and  throwing  the  hammer  against 
the  bell. 

34.  From  the  foregoing  it  is  apparent  that,  as  the  circuit 
is  not  broken  until  the  armature  strikes  its  stops,  the  magnet 
can  exert  its  attractive  force  at  the  time  when  it  will  be  most 
effective  in  delivering  a  strong  blow  on  the  gong. 

36.  Spring  5,  is  usually  composed  of  two  flat  springs  laid 
together  and  riveted  to  the  armature  bar  near  its  pivot. 

The  contacts  are  insulated  from  the  operating  arm  and  arm- 
ature bar,  the  controlling  wires  being  carried  to  the  contacts:* 
Thus,  all  parts  carrying  current  are  insulated  from  the  base. 
A  sliding  motion  between  the  contacts  tends  to  keep  them  clean. 

36.  The  entire  mechanism  except  the  hammer  is  protected 
by  an  iron  cover  (not  shown)  which  is  attached  to  the  ribs  6, 
this  being  employed  to  keep  out  any  foreign  matter  such  as 
insects,  etc.,  which  might  interfere  with  the  operation  of  the 
bell.  The  cover  or  hood  7,  acts  as  a  protection  against  the 
weather. 


•The  wire  to  the  contact  on  the  armature  bar  does  not  show  clearly  In 
the  Illustration,  as  It  Is  first  carried  to  the  pivoted  end  of  the  armature 
and  then  beneath  it  to  the  contact 
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37.  Two  sizes  of  out-  type  of  double  bell,  are  illustrated  in 
Fig,  13,  a  diagram  of  the  wiring  connfctioiia  and  operating 
parts,  being  shown 
in  Fig.  14.  A»  may 
be  swn  Itvo  inde- 
pendent single  eoil 
magnets*  are  used. 
one  pieee  of  iron  piv- 
oted in  the  center  act- 
ing as  an  armature 
for  both   magnets. 

The    hammer    is 
rigidly  secured  to  the  i,-),.  js 

center  of  the  armature,  the  movement  of  the  latter  transmitting 
a  corresponding  movement  to  the  hammer,  thus  causing  it  to 
strike  one  of  the  gongs  in 
either  position, 

38.  The  operation  of  this 
type  of  bell  is  explained  as 
'  follows:  If  both  contacts  1 
and  2.  are  open,  the  current 
would  flow  from  the  battery, 
through  binding  post  3,  term- 
inal 4,  wire  5.  and  the  right 
hand  coil  to  leg  6.  of  this 
lagnet ;  from  thenee  it  would 
How  through  leg  7,  and 
the  coil  of  the  other  mag- 
net, to  wire  8,  terminal 
9,  binding  post  10,  and 
to  the  battery.  As,  in  such 
a  ease,  the  same  current 
would  flow  through  both  coils,  they  would  exert  an  equal  at- 
tracting force,  thus  tending  to  hold  the  annature  and  hammer  in 
a  central  position.  As  this  is  not  what  is  desired,  contacts  1  and 
2  are  so  adjusted  that  when  the  controlling  circuit  is  broken," 

•SE,e  MaitBrf  Ihii  rnmH  BlretrUrUr.  Eltctra-magirliim. 
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and  the  hammer  hangs  by  gravity  in  the  center,  one  of  these 
contacts,  for  instance  2,  is  closed.  In  such  a  case,  it  is  evident 
that  the  left  hand  coil  would  be  shunted,  by  the  path  through  this 
contact,  thus  allowing  the  right  hand  coil  to  attract  the  arm- 
ature to  the  position  shown  and  consequently  causing  the 
hammer  to  strike  gong  11.  Contact  2,  would  now  be  broken 
and  contact  1,  made  as  shown,  thus  shunting  the  right  hand 
coil,  allowing  the  left  hand  coil  to  attract  the  armature  there- 
fore causing  the  hammer  to  strike  gong  12,  and  again  closing 
contact  2. 

39.  It  will  be  observed  that  each  coil  is  provided  with  a 
closed  secondary  winding  13.  These  windings  act  inductively 
apon  the  cores  retarding  the  loss  of  magnetism  when  each  coil 
is  shunted,  thus  assisting  in  completing  the  stroke  of  the  hammer. 
They  also  tend  to  reduce  the  sparking  at  the  contact  points. 

40.  As  the  controlling  circuit  is  not  opened  by  the  operation 
of  the  bell,  two  or  more  can  be  connected  in  series  if  desired, 
without  their  interfering  with  one  another.  However  in  some 
types  of  double  gongs  the  circuit  is  broken  instead  of  licing 
shunted  out  of  the  cOlls. 

Reference  to  the  illustration  will  show  that  the  hammer  of  the 
larger  gong  is  protected  by  a  shield  froni  mechanical  injur>'. 


41.  Another  method  of  arranging  and  protecting  a  double 
gong  is  illustrated  in  Fig.  15.  This  al-so  shows  a  means  em- 
ployed for  adjusting  the  gong. 
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LAMPS 

42.    The  lampg  which  are  used  for  giving  a  visual  indication 

at  highway  crofisings  are  usually  ordinary  incandescent  lamps 

of  about  6  C.  P.,  arranged  to 

^^k  light  on  the  voltage  used  for 

^^H  the  bell.     A  tj'pe  of  lamp 

yff  used   for  this  purpose  and 

^B  the  casing  for  same,  is  shown 

^^M^  in  Fig.  16. 

^^^^^^^  Another    method    some- 

^^^^^^  times  employed  is  to  mount 

^^^^^^^^  the  lamps  in  weather-proof 

^^^^^^^^,.  marine  sockets. 


BELL  POSTS  AND   SIGNS 

43.  A  TiTy  common  type  of  bell  port*  is  shown 
in  Fig.  17.  This  post  is  made  of  wood  (generally  j 
yellow  pine)  and  is  12  to  18  ft.  long,  being  set 
from  3J  to  5  ft.  into  the  ground.  The  bell  is 
mounted  from  8  to  12  ft.  above  the  ground,  thus 
placing  it  where  it  is  not  likely  to  be  interfered  with. 

Id  this  case  a  relay  box  is  attached  to  the  post 
at  a  convenient  height,  and  an  iron  battery  box 
is  l»M-atpd  at  the  foot  of  the  post. 

The  wires  are  carried  up  the  post  in  trunking 
or  in  a  groove  cut  in  the  post.*' 

If  a  lamp  is  used,  it  is  usually  mounted  on  top 
of  the  post,  which  is  arranged  to  receive  it. 

In  some  cases,  where  battery  chutes  are  used, 
the  bell  posts  are  supported  by  them,  in  a 
manner  similar  to  that  employed  for  support- , 
ing  relay  posts. 

PlM-   IT 

44.  At  locations  where  the  nature  of  the  earth  requires,  the 
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bottom  of  the  post  is  provided  with  bracing,  as  shown  in  Fig. 
18.     This  arrangement  is  often  termed  a  spider. 

46.  Other  forms  of  bell  posts  are 
shown  in  Pigs.  19-21.  It  will  be  noted 
that  they  are  built  of  iron  pipe  and 
are  provided  with  a  sign  bearing  a 
suitable  inscription.  In  some  instances 
the   bells   are   mounted   on   these    posts. 

The    letters    on    the    signs    arc    usually    raised    so    that    they 

may  readily  be  painted. 


^tS^<IP^ 


pts.  1ft  fr-ic  -M  Fic.  !n 

As  shown  in  Fig.  19,  an  opening  is  provided  in  the  iron 
base,  to  receive  the  tninking,  the.  wires  being  carried  up  the 
inside  of  the  post  and  through  openings  to  the  relay  box 
and  bell. 

46,  Another  type  of  bell  post,  which  is  constructed  of  an 
I-beam  and   angle   iron,   is   illustrated   in   Pig.   22. 
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'^ 


Thp  trunkiDg.  in  this  oase,  is  fitted  into  one  of  thf  chauiu'ls 
of  the  I-beam,  as  shown  in  the  sectional  detail,  being  si-rewed  or 
bolted    in   position. 

BELL  AND   RELA7  SHELTZBS 

47.  As  will  be  observed,  the  construction 
of  several  of  the  bells  shown,  provides  suf- 
ficient protection  against  the  weather  and 
also  against  interference,  but  where  skeleton 
frame  bells  or  other  unprotected  types  are 
to  be  installed,  such  protection  must  be 
provided. 

48.  A  icvodcn  box  employed  for  this  pur- 
pose, is  illustrated  in  Fig.  23.  It  is  arranged 
to  set  on  top  of  the  bell  post,  a  casting 
being  fitted  into  the  base  of  the  box  for 
this  purpose,  , 

Hrary  ivirr  screeniiiy  is  provided  in  the 
sides  and  door  as  shown,  in  order  that  the 
bell   may   be   protected   from   mechanical   injury,'   without   in- 
terrupting the  wiund.     The  spark-arrester  screen  used  in  toeo- 
niotives  is  often  employed  to  good  advantage,  as  it  is  very  stniiig. 
and  has  a  fairly  large  mesh,  which 
is  not  likely  to  allow  snow  to  eol- 
h-et  in  the  box. 


49.  Another  type  of  wooden  box, 
built  to  contain  the  bell,  relay  and 
lightning  arresters,  is  illustrated  in  Fig. 
24.  It  is  arranged  to  be  screwed  or 
bolted  to  the  side  of  the  bell  post. 

•Tiiuy  are  otlen  made  a  target  for  BtoneB,  et 


MATERIALS    OP    CONSTRUCTION  17 

60.  In  many  cases,  boxes  of  this  type  are  built  without  the 
relay  compartment,  while  in  other  cases,  the  box  only  acts  as 
a  cover  for  the  bell  mechanisms,  the  gong  and  hammer  being 
exposed.  Cast  iron  shelters  with  wooden  linings  are  also  made 
to  contain  bells. 

61.  The  material  and  general  methods  of  construction  em- 
ployed in  making  wooden  relay  boxes"  are  adaptable  for  bell 
boxes. 

62.  Relay  boxes*  of  the  ordinary  types  are  frequently  used 
in  crossing  alarm  installations.     A  type  of  box  sometimes  used 

in  this  class  of  work  is 
shown  in  Fig.  25.  It  is 
also  made  tx>  contain  but 
one  relay,  as  shown  in 
Pigs.  19,  21  and  22, 

When  battery  houses"* 
are  provided  it  is  custom- 
ary to  shelter  the  relays 
•"«■  »  in  them. 

TRACK    INSTRUMENTSt 

63.  The  d<'vice  illustrated  in  Pig.  26,  is  known  as  the  Hall 
track  in8tnuneiit.t  This  illustration  shows  a  section  through 
the  center  of  the  instrument  and  an  enlarged  detail  of  the 
smaller  operating  parts. 

As  indicated  the  instrument  is  bolted  to  a  long  tie  (iisually 
8"xl2"x  ll'-O"),  the  bolts  being  kept  from  turning  by  pieces 
of  channel  iron  which  engage  their  heads  beneath  the  tie  as 
shown. 

64.  The  steel  lever  1,  is  pivoted  on  the  steel  fulcrum  pin 
2,  in  the  chair  3,  and  is  held  between  two  rubber  springs  4. 
In  some  cases  the  steel  lever  has  a  hard  steel  piece  bolted  to 

•See  D.  C.  Tr»*k  Clrcnlts. 
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the  end  nearest  the  tail,  this  piece  being  reuewed  when  worn. 
The  springs  are  compresst'd  by  screwing  down  the  adjustable 
yoke  5.  thus  preventing  the  lever  from  moving  unless  con- 
siderable force  is  exerted  upon  it,  such  as  that  caused  by  a 
ear  wheel  striking  the  lever  at  its  free  end. 


When  the  tread  of  the  wheel  strikes  the  lever,  which  stands 
about  i  in.  above  the  top  of  the  rail,  the  other  end  throws 
spindle  6,  upward.  The  swinging  arm  7,  which  is  pivoted  on 
pin  8,  is  provided  with  a  roller  9,  so  arranged  that  the  tapered 
portion  of  the  spindle  at  its  upper  end,  engages  with  the  roller 
and  forees  the  swinging  arm  towards  the  block  10.  The  swing- 
ing arm  carries  an  upright  pin  11.  fitted  with  an  insulaiing 
bushing  12,  which  is  protected  by  a  brass  shield.  The  bushing 
presses  contact  spring  13,  agaiust  contact  plate  14,  thus  cloB- 
■  ing  the  circuit  from  binding  post  15  to  16.  The  contact  spring 
and  plate  are  furnished  with  platinum  contacting  faces. 

When  the  spindle  drops,  the  contact  spring  forces  the  swing- 
ing arm  back  and  again  opens  the  circuit ;  it  is  assisted  in  doing 
this  by  a  helical  spring  17,  placed  between  the  spring  and  the 
block.    The  contact  spring  is  guided  by  the  wire  guard  18. 

From  the  foregoing  it  will  be  seen  that  the  circuit  is  closed 
iiioincntarily  as  each  wheel  passes  over  the  lever. 
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66.  If  it  JB  desired  to  control  a  normally  closed  circuit  by 
this  ingtrument,  the   contact  plate   14,   is  arranged  to  extend 

over  contact  spring  13,  as  ahown  at 
A,  Fig.  27,  the  spring  resting  against 
the  plate,  except  when  pushed  away 
by  the  swinging  arm. 

66.    In  cases  where  it  is  desired  to 

control  another  circuit,  two  bushings 

FIB-  27  are  placed  on  pin   11,  and  a  second 

contact  spring  and  plate  are  mounted  on  the  lower  side  of  the 

block,  as  shown  at  B,  Pig.  27,  the  block  being  arranged  so  that 

the  spring  will  not  touch  the  top  jdate  19. 

67.  The. piston,  Fig.  26,  which  is  made  as  a  part  of  the 
spindle  6,  moves  in  cylinder  C,  being  provided  to  check  the 
upward  movement  of  the  spindle.  As  the  piston  starts  to  rise, 
it  forces  the  air  above  it  through  port  D,  valve  E  and  passage 
P,  to  the  underside  of  the  piston.  Thus  by  adjusting  valve  E 
the  flow  of  air  may  be  regulated  to  properly  retard  the  motion 
of  the  piston.  When  the  piston  covers  port  D,  it  confines  the 
air  above  the  piston,  which  forms  a  cushion  and  absorbs  the 
shock  of  the  blow. 

68.  The  valve  stera  22,  which  extends  through  the  top  plate, 
being  screwed  into  it,  is  held  in  place  by  the  wire  valve  spring 
23,  one  end  of  which  fits  into  a  hole  in  the  top  plate.  To 
adjust  the  valve,  the  spring  is  raised  out  of  the  hole  in  the 
plate  and  the  valve  tiurned  until  the  desired  adjustment  is 
obtained,  the  end  of  the  spring  again  being  placed  in  one  of 
the  holes,  which  secures  the  valve  in  position. 

69.  The  bonnet  24,  protects  the  contacts,  etc.,  from  the 
weather.  The  wires  are  usually  brought  into  the  instrument 
through  a  piece  of  iron  pipe. 

The  dust  guard  20  and  its  spring  21,  move  with  lever   1. 

60.    The  O'Neil  track  inatnunent,"  is  illustrated  .n  Fig.  28. 

•Also  CB«ed   \hK  0-Ntitlrack  tox. 
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This  iDstrunient   is  generally  arranged  to  be  supported  by 
the  ties,  although  in  some  instances  concrete  foundations  are 


used.     As  indicated,  it  is  opi^rafed  by  the  dcHec-tiou  of  the  rail, 
due  to  passing  trains. 

61.  A  rubber  bumper  1,  is  attaelied  to  the  levir  2,  to  absorb 
the  shock  if  the  lever  strikes  the  cover  when  raised  by  the  de- 
flection of  the  rail.  A  retractile  spring  3,  also  assists  in  this 
regard. 

62.  A  contaet  spring  4,  is  mounted  upon  an  adjustable  hard 
rubber  block  5,  which  insulates  the  spring  from  the  case.  A 
brass  contact  piece  6,  is  mounted  upon  a  block  of  hard  rubber 
attached  to  the  end  of  the  lever,  thus  being  insulated  from  it. 

The  wires  of  the  controlled  circuit  arc  attached  to  the  bind- 
ing screws  7  and  8.  It  is  therefore  apparent  that  when  the 
lever  is  operated,  contact  piece  6,  will  be  forced  in  contact 
with  spring  4.  consequently  completing  the  path  between  the 
binding  posts. 

The  position  of  the  spring  sho^vn  by  solid  lines  is  used  for 
normally  open  circuits,  and  that  shown  by  dotted  lines,  for 
normally  closed  circuits. 
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83.  Two  vii'ws  of  a  (■ommon  type  of  automatic  timt?  circuit 
controllpr.  knitwu  as  a  time  circuit  breaker,  are  shown  in  Fig.  29. 

The  armature  of  this  device  vibrates,  due  to  carrying  the 
circuit  for  its  mag- 
net through  a  back 
contact,  in  a  man- 
ner similar  to  that 
employed  in  the 
ordinary  vibratiug 
bell. 

64.  The  operating 
circuit,  which  is  con- 
nected to  binding 
posts  ].  2  and  3.  is 
shown  more  clearly 
in  the  diagram.  Fig. 
;)0,  which  for  eon- 
venienee    shows   the 

PI*.   M» 

instrument  arrang- 
ed to  be  BtartiKl  by 
a  key  A.  It  will  be 
observed  that  eon- 
tacts  4  and  n  are 
normally  open,  and. 
being  in  multiple. 
if  cither  is  closed, 
the  armature  will 
vibrate;  also  if  the 
key  is  closed  the 
armature  will  vi- 
brate regardless  of 
the  position  of  thi'se 
ciintaets.  fib.  a» 

Flat  brass  strips  10  and  11.  are  used  for  conmi-tion  between 
tb<'  binding  and  contact  posts. 
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66.  The  armature,  when  vibrating,  raises  and  lowers  the 
connecting  rod  12,  thus  operating  the  angular  casting  13,  which 

being  pivoted  in  the  frame  14,  at 
point  B,  moves  the  driving  pawl 
15,  laterally.  This  pawl  engages 
with  the  ratchet  wheel  16,  moving 
it  one  notch  at  a  time,  the  station- 
vim.  «o  ary  pawl  17,  being  employed  to 
prevent  the  ratchet  wheel  from  turning  backward.  Both 
pawls  are  provided  with  springs  to  insure  their  quick 
operation. 

The  adjustable  weight  18,  which  is  supported  on  casting  13, 
by  a  strip  of  spring  steel,  acts  as  a  counterweight,  and  insures 
the  full  stroke  of  the  armature. 

66.  The  ratchet  wheel  16,  carries  a  lug  19,  which  normally 
engages  with  trigger  20  as  shown,  to  hold  contact  4,  open.  It 
also  revolves  a  small  pinion  (not  shown)  which  drives  gear 
wheel  21,  at  a  ratio  of  6  to  1.  This  gear  carries  a  stud  22,  which 
normally  engages  spring  23,  thus  holding  contact  5  open. 

67.  Mounted  on  the  same  sHaft  with  gear  21,  and  moving 
with  it,  is  an  arm  24,  which  operates  contacts  on  springs  25, 
26  and  27,  by  pressing  against  the  ivory  block  on  the  upper 
end  of  spring  26.  These  contact  springs  are  suitably  connected 
to  binding  posts  28,  to  which  the  circuits  controlled  by  this 
instrument   are  attached. 

When  the  instrument  is  in  its  normal  position,  spring  26  is 
forced  against  spring  25,  but  after  arm  24,  starts  to  revolve, 
it  clears  the  ivory  block,  allowing  spring  26  to  draw  away 
from  spring  25  and  make  contact  with  spring  27. 

68.  If  when  the  instrument  is  in  its  normal  position  as 
shown,  key  A  should  be  closed,  the  armature  at  once  begins 
to  vibrate,  revolving  wheel  16  and  moving  lug  19,  out  of  en- 
gagement ^\^th  trigger  20,  thus  allowing  contact  4  to  close. 
Key  A  may  now  be  released  as  the  circuit  for  the  magnet  is  com- 
pleted through  contact  4.  the  armature  therefore  continuing 
to  vibrate.   AVh(»n  wheel  16  has  made  a  complete  revolution,  lug 
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19  again  breaks  contact  4,  but  in  this  instance,  the  circuit 
through  the  coils  is  not  broken,  as  gear  wheel  21,  has  revolved 
sufficiently  to  move  stud  22,  out  of  engagement  with  spring  23, 
thus  closing  contact  5  and  consequently  maintaining  the  circuit 
through  the  magnet  and  causing  the  armature  to  continue  to 
vibrate  until  gear  21  has  made  a  complete  revolution,  thus 
again  bringing  stud  22,  into  engagement  with  spring  23,  to 
open  contact  5.  As  contact  5  breaks,  lug  19  engages  with 
trigger  20  to  break  contact  4;  thus  both  contacts  being  broken 
at  the  same  time,  the  circuit  for  the  magnet  is  opened  and  the 
armature  therefore  ceases  to  vibrate. 
• 

69.  It  is  apparent  that  as  a  complete  operation  of  the  in- 
strument requires  one  revolution  of  gear  wheel  21,  and  there- 
fore one  revolution  of  arm  24,  contact  springs  25,  26  and  27 
will  be  reversed  directly  after  it  commences  to  operate  and 
again  restored  to  their  normal  position  when  it  ceases  to  operate. 

70.  This  instrument  is  usually  so  adjusted  that  it  will  re- 
quire three  minutes  for  the  gear  wheel  to  revolve.  If  it  is 
desired  that  the  instrument  be  stopped  in  a  shorter  period  of 
time,  additional  studs  22,  are  placed  in  holes  provided  for  that 
purpose  in  the  gear  wheel  and  additional  arms  24,  in  the  hub. 
For  instance,  to  set  it  for  1^  min.,  one  additional  stud  would 
be  set  in  the  gear  wheel  opposite  stud  22,  and  another  arm  in 
the  hub  opposite  arm  24;  thus  the  instrument  will  have  two 
positions  in  which  it  will  remain  at  rest.  To  set  for  1  min., 
three  studs  and  arms,  set  at  angles  of  120  deg.  to  one  another, 
would  be  employed,  etc. 

71.  In  some  instances,  it  is  desired  to  employ  a  normally 
open  contact,  which  is  closed  by  arm  24  while  passing  it, 
during  the  operation  of  the  instrument.  This  is  accomplished 
by  setting  the  arm  so  that,  in  its  normal  position,  it  will  not 
engage  with  the  block  (Fig.  31,  sketch  B). 

72.  Space  is  provided  for  two  additional  sets  of  contacts, 
similar  to  25,  26  and  27,  each  set  being  operated  by  one  or 
more  anus  mounted  on   separate  hubs. 


24 


HIGHWAY  CROSSING   SIGNALS 


The  coils  are  usually  woun^  to  a  resistance  of  8  ohiiis,  and 
adjusted  to  operate  on  a  potential  of  from  2  to  3  volts,  although 
of  course,  these  values  may  be  varied  to  suit  the  circuit  on 
which  the  instrument  is  to  be  used. 


73.  The  symbol  ordinarily  used  for  this  instrument  is  shown 
in   Fig.   31,  the  reference  numbers  corresponding   with   those 

given  iu  Figs.  16-17.  Sketch  A,  shows 
the  symbol  used  when  the  arms  rest 
against  the  ivory  blocks,  in  their  normal 
position,  and  sketch  B,  when  one  of  the 
arms  is  normally  above  the  block  (Art.  71). 

74.  Other  types  of  time  circuit  con- 
trollers, used  in  connection  with  crossing 
alarms,  known  as  escapement  relays  and 
registers,  are  clockwork  mechanisms  oper- 
ated by  weights  or  springs,  which  are 
wound  periodically.  The  weight  or  spring 
is  released  by  the  armature  of  an  electro- 
magnet, the  clockwork  running  for  a  pre- 
determined length  of  time,  being  stopped 
in  a  position  to  be  again  started  by  the 
next  operation  of  the  armature.  One  type  of  this  class  of 
instrument,  known  as  the  R.  &  H.  escapemeBt  relay  is  il- 
lustrated in  Fig.  32. 

76.  Another  arrangement  for  op- 
erating a  bell  for  a  certain  length  of 
time,  is  to  connect  a  pawl  to  the  arm- 
ature of.  the  bell  in  such  a  way  that 
it  will  turn  a  ratchet  wheel  and  con- 
trol contacts  on  the  same  principle  as 

the    time    circuit    breaker.    Fig.    29.       — j| rj- 

This   is   known    as   a   time  bell.  p^^  3^ 

Aside  from  the  regular  bell  magnet  this  instrument  has 
another  electro-magnet  whose  armature  closes  the  bell  circuit 
and  starts  the  mechanism.    "While  the  mechanism  is  revolving 
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this  armature  is  held  mechanically  against  its  magnet,  thus 
keeping  the  bell  circuit  closed;  however,  when  the  movement 
is  complete  the  armature  is  allowed  to  assume  its  normal 
position  ready  to  start  the  mechanism  when  its  magnet  is 
again  energized. 

76.  Another  device,  known  as  a  time  element,  for  operating 
an  alarm  for  a  given  length  of  time,  is  illustrated  in  Fig.  33. 
This  nieohanism  is  started 
hy  momentarily  closing  a 
circuit  through  the  coils  of 
the  mercury  relay,  which 
in  turn  completes  the  cir- 
cuit for  the  solenoid  relay, 
closing  ita  contacts  and 
completing  the  alarm  cir- 
cuit. The  solenoid  relay 
employs  a  stick  circuit,' 
thuN  remaining  energized, 
after  the  mercury  relay  is 
de-energized. 

When  the  mercury  relay 
is  momentarily  energized 
its  armature,  in  addition  to  closing  the  solenoid  relay  circuit, 
operates  a  ratchet  device  which  controls  two  of  the  contact 
rings.  The  motor  which  is  connected  in  series  with  the  hell"* 
circuit,  is  employed  to  restore  the  ratchet  device  to  its  normal 
position,  and  for  this  purpose  is  fitted  with  worm  gears  which 
reduces  its  speed  in  the  ratio  of  1,700  to  1,  consequenfly  re- 
quiring a  certain  length  of  time  to  restore  this  device.  When 
the  contacts  operated  by  the  ratchet  device  are  restored  to 
their  normal  position,  they  shunt  the  coil  of  the  solenoid  relay, 
thus  opening  the  circuit  through  the  motor  and  bell. 

The  motor  is  arranged  with  a  special  winding  designed  to 
give  a  high  starting  torque,  in  order  to  avoid  the  possibility 
of  the  motor  sticking. 
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This  instnunent  may  be  adjusted  to  operate  for  anj'  length 
of  time  between  20  sec.  and  2  min. 

HIQH   VOLTAQE   APPARATUS 

77.  On  electric  railways  where  the  cars  are  propelled  by 
direct  current,  it  is  very  convenient  to  use  energy  from  the 
trolley  wire,  third  rail,  or  feeder,  to  operate  signal  apparatus. 

78.  As  the  potential  employed  is  usually  at  least  500  volts, 
it  is  desirable  to  reduce  it  to  a  point  where  it  can  be  handled 
without  danger  of  severe  shock.  This  is  generally  done  by  in- 
serting resistance  in  series  with  the  apparatus  to  be  operated. 

79.  An  ordinary  coil  of  insulated  wire  could  be  used  to 
obtain  the  required  resistance,  but  in  case  of  an  excessive  flow^ 
of  current,  which  would  heat  the  coil,  the  insulation  is  liable 
to  become  charred  or  carbonized,  forming  a  short  circuit  be- 
tween the  turns  of  wire,  thus  reducing  the  resistance  of  the 
coil  and  producing  a  higher  voltage  at  the  terminals  of  the 
instrument  than  is  desirable. 

80.  More  satisfactory  results  are  usually  obtained  by  em- 
ploying other  forms  of  resistance,  five  or  six  ordinary  incan- 
descent lamps  placed  in  series,  frequently  being  used  for  this 
purpose.  Any  of  the  common  forms  of  fittings,  such  as  sockets,* 
etc.,  may  be  used  satisfactorily. 

It  is  customary  to  connect  the  series  of  lamps  directly  from 
the  line  (trolley  wire,  etc.)  to  ground  or  the  running  rails, 
and  to  connect  the  circuit  to  be  operated  in  multiple  with  the 
lamp  nearest  to  the  ground  connection.  Thus  when  this  cir- 
cuit is  open,  the  voltage  at  its  terminals  is  not  dangerous,  as 
would  be  the  case  if  it  were  connected  in  series  with  all  of 
the  lamps,  instead  of  in  multiple  with  one  of  them. 

81.  Fuses  of  either  the  cartridge  or  link  type  are  usually 
provided  to  prevent  an  excessive  flow  of  current  in   case  of 


*  Marine  Sockets  (see  MaiTnetifun  and  Electricity — Electric  Lit  hting)  may  be 
used  to  grood  advantagre. 
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short  circuit,  and  also  snap  or  knife  switches  so  that  the  pro- 
pulsion current  connections  may  be  opened,  when  it  is  necessary 
to  work  about  the  apparatus. 

82.  An  arrangement  of  resistances  for  reducing  the  voltage 
as  just  described,  known  as  a  high  voltage  adapter,  is  shown 
in  Fig.   34.     Two  resistance  rods  1 

and  2,  made  of  graphite,  are  em- 
ployed, producing  a  result  similar  to 
that  obtained  by  connecting  the  lamps 
in  the  manner  explained  in  Art.  80. 
Rod  1,  which  has  a  resistance  of 
about  1,500  ohms,  represents  all  of 
the  lamps  except  the  one  connected 
in  multiple  with  the  operated  cir- 
cuit, which  is  represented  by  rod  2, 
vtm.  M  having    about    300   ohms    resistance. 

The  high  voltage  circuit  is  connected  to  binding  posts  3  and  4, 
and  the  operated  circuit  to  posts  5  and  6. 

The  knife  switch  serves  as  a  cut-oat  for  the  high  voltage 
circuit,  and  the  fuses  7  and  8,  guard  against  an  overload. 

83.  In  some  instances  the  two  resistances  are  connected  in 
series  with  the  operated  circuit,  in  order  to  reduce  the  volt- 
age on  this  circuit.  Of  course,  with  this  arrangement  a  dan- 
gerous potential  is  maintained  across  the  operated  circuit  when 
opened. 

KEYS   AMD   GUT-OUTS 

84.  When  crossing  alarms  are  located  near  stations  or  at 
other  points  where  trains  are  liable  to  stop,  it  is  sometimes 
advisable  to  arrange  keys  at  these  point) 

when  trains  stop,  the  alarm  may  be  ci 
desired,  and  again  started  when  necessa 

86.  A  form  of  spring  key,  known  as 
a  strap  key,  which  may  be  used  for  this 
purpose,   is   illustrated   in   Fig.   35.     This   key   is   made   of  a 
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heavy  flat  brass  or  phosphor  bronze  spring,  securely  fastened 
to  thfi  base  at  one  end,  and  being  free  to  move  between  two 
contact  points  as  shown. 
The  iron  tact  poiuts  are 
fitted  with  platinum,  and 
plates  of  this  material 
arc  attached  to  the  spring 
opposite  the  points.  The 
two  outside  binding  posts 
are  connected  to  the  con- 
tacts by  wires  beneath  the 
base,  one  to  the  noriually 
Dp:  n  and  the  other  to  the 
normally   closed   eontact. 


86.  Other  types  of  keys  which  may  be  employed  for  this 
purpose,  are  shown  in  Figs.  36-38. 
The  type  shown  in  Pig.  36, 
employs  brass  eontact  pieces,  the 
spring  being  bent  in  such  a  manner 
as  to  provide  a  sliding  contact. 

It  will  be  noted,  in  Pig.  37,  that 
the  ends  of  the  springs  are  cut  into 
four  parts,  and  are  so  arranged 
as  to  give  a  sliding  eontact.  thus 
^^=5  tending  to  keep 
them  clean. 

The  key  illustrat 
ed    in    Fig. 
sometimes    provided    with    a    <ast    iron    cover. 

87.  The  types  of  keys 
shown  in  Figs.  35-38,  are  also 
employed  to  test  the  oper- 
ation of  the  bell,*  although 
the  form  of  spring  keys, 
1  push  buttons  are  freriuently  used  for  this  purpose. 
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88.  Id  some  instances  a  cut-out  switch  is  installed  in  the 
alarm  circuit,  so  that  if  the  bell  is  ringing  continuously,  being 
out  of  order,  it  may  be  stopped  (Art.  98). 

Single  point  btitton  switcbes,*  or  single  throw  knife 
SWitoheB**  are  generally  used  for  this  purpose. 

BATTEBIES 

89.  The  trauk  circuits  are  furnished  with  current  from  the 
types  of  batteries  described  in  D.  C  Track  Circuits,  although 
storage  cells  are  seldom  used  in  crossing  alarm  work,  as  the 
means  of  charging  is  generally  not  convenient. 

Other  circuits,  if  normally  closed,  employ  gravity  cells,  and 
if  normally  open,  sal-ammoniac  or  dry  cells,  wiile  caustic  soda 
or  potash  cells  are  used  with  both  types  of  circuits. 


BATTERY    SHELTERS 

90.    In  many  cases  small  buildings.  Fig.  39,  known  as  battery 
arc  erected  to  contain  batteries,  also  being  iist'd  to  shelter 


.Xk 
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relays,  as  already  mentioned,  or  other  instruments,  and  as  a 
place  for  storing  material. 

For  caustic  soda  or  potash,  or  sal-ammoniac  cells,  these 
houses  are  usually  warm  enough  when  boarded  only  on  the 
outside,  but  where  cold  weather  is  to  be  guarded  against,  they 
should  be  boarded  on  both  sides  of  the  studs.  In  such  cases, 
a  filling  material,  such  as  charcoal  or  sawdust  is  sometimes 
used  to  advantage,  and  it  is  also  advisable  to  provide  double 
doors  and  windows. 

When  working  in  a  battery  house  the  door  is  often  allowed 
to  stand  open,  in  order  to  obtain  suflBcient  light.  To  prevent 
it  from  being  damaged  by  the  wind  of  passing  trains,  a  gate 
hook  is  provided,  as  shown,  to  hold  it  open. 

91.  When  a  battery  honse  is  protected  by  boarding  on  both 
sides  and  filling,  it  may  be  nsed  for  gravity  cells,  in  moderate 
climates.  In  such  cases  lamps  are  used  to  advantage  to 
heat  the  battery  house  when  exceptionally  cold  weather  is 
experienced. 

In  cold  climates  gravity  cells  for  large  batteries  are  generally 
kept  in  battery  vaults. 

« 

92.  Caustic  soda  or  j>otash  and  sal-ammoniac  cells,  are  some- 
times placed  in  a  battery  cupboard  suitably  mounted  on  the 
bell  post. 
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CIRCUITS 


D0T7BLE  TRACK  ABRAN0EMENT8 


93.  Track  CSircuit  Control:  One  of  the  most  conuaon  forms 
of  highway  crossing  alarm  circuit  for  use  on  double  track,  is 
shown  in  Pig.  40.  It  will  be  observed  that  normally  closed 
track  circuits  are  employed,  the  alarm  being  controlled  through 


■        ■      f      ■ 

A 


back  contacts  on  the  track  relays.*  It  will  also  be  observed 
that  the  position  of  the  track  circuits  is  such  that  the  alarm 
will  operate  only  when  trains  approach  the  crossing  in  the 
direction  of  traffic**   (indicated  by  the  arrows). 

94.  As  the  alarm  circuit  is  controlled  by  the  back  contacts 
of  the  track  relays,  connected  in  multiple,  trains-  approaching 
the  crossing  on  either  or  both  tracks  will  operate  the  alarm. 

Two  bells,  connected  in  multiple,  are  sometimes  employed, 
especially  where  the  highway  crosses  several  tracks,  a  bell  being 
located  on  each  side  of  the  crossing. 

96.    Lightning  arresters  may  of  course,  be  used  as  mentioned 

*When  more  than  one  contact  Is  provided,  it  is  customary  to  control 
the  alarm  circuit  through  all  of  them  connected  in  multiple,  so  that  if 
one  fails,  the  others  will  maintain  the  circuit.     See  D.  C.  Relays. 

••See  Art.  198. 
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in  D,  C.  Track  Circuits,  but  as  some  engineers  do  not  favor 
their  use,  they  are  omitted  from  the  circuit  plans. 

96.  If  a  lamp  is  used  in  connection  with  the  bell,  it  may  be 
connected  in  multiple  with  it,  thus  burning  continuously  while 

the  bell  is  ringing,  or  it  may  be  operated 
by  a  contact  on  the  bell  armature,  as 
shown  in  Pig.  41,  in  which  case  the  lamp 
would  emit  a  series  of  flashes  during  the 
ringing  of  the  bell.  When  thus  arranged 
the  contacts  3 — 4  and  5 — 6,  are  so  ad- 
justed that  the  current  will  not  be  flow- 
FiK.  41  ing  in  the  bell  and  lamp  circuits  at  the 

same  time;  that  is,  one  set  of  contacts  opens  before  the  other 
set  closes.  This  adjustment  is  desirable  in  order  that  the  lamp, 
whose  resistance  is  low,  will  not  shunt  the  bell. 

97.  It  is  customary  to  use  from  5  to  18  volts  on  the  alarm 
circuit,  this  depending  upon  the  type  of  alarm  employed. 

With  a  number  of  cells  connected  in  series,  as  sho\^Ti  in  Fig. 
40,  a  broken  jar  or  a  broken  jumper,  will  cause  a  failure  of 
the  battery  and  consequently  the  bell  will  fail  to  ring  upon 
the  approach  of  a  train  to  the  crossing.  Battery  failures  are 
«lso  experienced  owing  to  the  corroding  of  the  binding  posts, 
especially  with  some  types  of  sal-ammoniac  cells. 

To  avoid  this  trouble,  the  bat- 
teries are  sometimes  duplicated  as 
shown  in  Fig.  42.  With  arrange- 
ment A,   a   failure   must   occur   in  a 

both    sets    to    cause    a    failure    of  ilJiJiJiJiJ  i 

the  bell.  This  is  also  true  of  ar-  ^^'jlljl'Tl'Til^^ 
rangement  B,  w^hich  in  addition,  ^HKjrlnnnnl 
has  the  advantage  that  the  failure  B 

must   occur   in    two   opposite   cells.  fi*.  42 


> 


98.  It  will  be  observed  in  Fig.  40,  that  a  cut-out  switch  1, 
is  provided.  This  is  sometimes  considered  desirable  in  order 
that  the  alarm  circuit  may  be  opened  in  case  one  of  the  track 
relays  fails  to  pick  up,  causing  the  alarm  to  operate  contin- 
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uously.     Of  course,  the  crossing  should  be  guarded  by  a  tem- 
porary flagman  while  the  alarm  is  cut  out. 

In  some  instances  two  switches  are  provided,  one  being  cut 
into  each  of  the  leads  2  and  3.  This  arrangement  makes  it 
possible  to  continue  the  use  of  the  alarm  for  one  track  while 
the  other  is  out  of  service. 

99.  The  spring  keys  4  and  5,  shown  in  Fig.  40,  are  often 
employed  as  a  means  for  testing  the  alarm.*  It  will  be  noted 
that  the  effect  of  closing  one  of  the  keys  is  the  same  as  that 
produced  by  a  train  on  the  circuit. 

Instead  of  the  keys  being  connected  in  multiple  as  shown,  they 
are  sometimes  cut  in  series  with  the  relay  as  illustrated  in  sketch 

A,  normally  closed  keys  being  necessary  under  these  conditions. 
When    the   series   arrangement    is   used    in   connection    with 

interlocking  relays,  a  dangerous  condition  might  be  caused  by 
resistance  in  the  key  contacts.** 

In  some  cases  knife  switehes  are  employed  for  this  purpose 
instead  of  spring  keys. 

100.  When  it  is  desired  to  operate  alarms  at  two  crossings 
located  close  together,  the  arrangement  illustrated  in  sketch  A, 
Fig.  43.  is  often  employed. 

It  will  be  observed  that  relayed  track  circuits  are  used,  and 
the  alarm  circuits  so  arranged  that  both  bells  start  to  ring  at 
the  same  time,  each  one  stopping  as  the  rear  of  the  train  passes 
it.  Of  course,  if  there  are  trains  on  both  tracks  the  bell  at 
either  crossing  will  continue  to  ring  until  the  rear  end  of  both 
trains  have  passed  it. 

It  is  generally  considered  satisfactory  to  start  both  bells 
ringing  at  the  same  time,  if  the  crossings  are  not  more  than 
1,000  ft.  apart. 

101.  The  bells  are,  in  some  cases,  supplied  with  current  from 
the  same  battery,  the  wiring  being  arranged  as  shown  in  sketch 

B,  Fig.  43. 

The  wires  between  the  crossings  are  generally  strung  on  a 
pole  line   and  lightning  arresters   provided  as  indicated.     Of 


*See  Arts.  6  and  87. 
••Explained  in  Art.  220. 


34  HIGHWAY  CROSSING  SIGNALS 

course,  if  these  wirea  are  run  in  truoking  the  arresters  will 
be  omitted.  In  this  and  other  similar  cases,  it  is  not  desirable 
to  use  fuses  in  connection  with  the  lightning  arresters,  for  if 


blown,  they  will  produce  a  dangerous  condition  by  opening  the 
bell  circuit  and  thus  preventing  the  bell  from  ringii^  npcm 
the  approach  of  a  train. 

As  will  be  seen,  the  two  bell  circuits  use  the  same  wires  be- 
tween points  A  and  B,  and  points  C  and  D.    The  wires  thus 
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used,  are  known  as  common  tuires,  as  they  are  employed  as 
common  conductors  for  more  than  one  circuit.  While  in  this 
case,  only  those  portions  of  the  wire  between  points  A — B  and 
C — ^D,  are  used  to  carry  the  current  for  both  instruments,  and 
are  therefore  the  only  parts  that  are  literally  common  wires, 
it  is  customary  to  indicate  these  portions  of  the  wire  together 
with  their  branches,  by  heavy  lines,  as  shown.  This  readily 
distinguishes  them  from  the  other  wires  and  simplifies  con- 
siderably, the  tracing  of  circuits  on  complicated  plans.  It  is 
customary  to  indicate  by  heavy  lines  only  such  wires  as  are 
directly  connected  to  the  source  of  energy. 

102.  In  order  to  distinguish  between  the  two  common  wires, 
the  positive  wire  A — B  and  its  branches  is  usually  termed  the 
battery  mre,  while  the  negative  wire  C — D  and  its  branches 
is  known  as  the  common  return  wire* 

In  many  instances,  the  common  wire  is  used  as  a  path  for 
current  from  two  or  more  batteries.  In  such  cases  it  is  the 
usual  practice  to  connect  the  negative  terminals  of  all  the  bat- 
teries to  the  common  wire,  although  in  a  few  instances  all  the 
positive  terminals  are  connected  to  it.  In  rare  cases  the  positive 
terminals  of  some  batteries  and  the  negative  terminals  of  others, 
are  connected  to  the  common  wire. 

The  common  and  battery  wires  may  or  may  not  be  of  a 
larger  size  than  the  other  wires,  this  depending  upon  the  amount 
of  current  they  are  required  to  carry. 

103.  The  arrangement  shown  in  Fig.  43,  is  sometimes  used 
to  advantage,  at  points  where  three  crossings  are  located  close 
together,  the  track  circuits  being  relayed  at  each  crossing. 

104.  Where  two  crossings  are  so  far  apart  that  it  is  not 
desirable  to  start  both  alarms  operating  at  the  same  time,  yet 
the  distance  between  the  crossings  is  not  sufficient  to  allow 
separate  track  circuit  control  to  be  provided  for  each  alarm, 
the  method  illustrated  in  Pig.  44,  is  employed.*^ 

With  this  arrangement  the  alarm  at  crossing  A,  starts  to 

*Thi8  term  la  generally  shortened  to  simply  common  wire^  which  as  used 
hereafter  will  siernify  the  common  return  wire. 

**It  should  be  noted  that  the  circuits  for  only  one  track  are  shown. 
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operate  when  the  train  passes  point  X,  and  the  alarm  at  cross- 
ing B,  when  the  train  passes  point  Y.     The  distance  from  Y 
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to  B  is  about  equal  to  that  from  X  to  A,  thus  both  alarms  op- 
erate for  about  the  same  length  of  time. 

106.  The  control  of  the  alarms  is  accomplished  in  the  follow- 
ing manner.  It  will  be  noted  that  line  relay  C,  whose  back 
contact  clases  the  alarm  circuit  at  crossing  A,  simply  repeats 
the  position  of  track  relay  D;  therefore,  when  the  train  passes 
point  X,  relay  D,  and  consequently  relay  C,  are  de-energized, 
thiLs  completing  the  alarm  circuit  at  this  crossing.  When  the 
train  passes  point  Y,  track  relays  E  and  F,  are  de-energized, 
the  former  completing  a  multiple  path  for  the  alarm  circuit 
at  crossing  A,  and  the  latter  completing  the  alarm  circuit  at 
crossing  B.  As  the  rear  end  of  the  train  passes  point  Y,  relay 
D  is  picked-up  and  line  battery  G  again  energizes  line  relay  G. 
but  as  the  alarm  circuit  is  also  controlled  through  track  relay 
E,  this  alarm  continues  to  operate  until  the  rear  of  the  train 
passes  the  crossing. 

The  dotted  lines  shown  in  connection  with  the  alarm  circuits, 
indicate  the  leads  to  the  back  contacts  of  the  relays  for  the 
opposite  track. 

106.  The  line  battery  is  usually  composed  of  caustic  soda  or 
potash  cells,  although  gravity  cells  are  often  employed.  The 
voltage  of  this  battery  is  sufficient  to  provide  a  proper  working 
margin  above  the  pick-up  point  of  the  line  relay. 
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The  line  relay  is  usually  wound  to  50  or  100  ohms,  although 
in  some  cases  lower  resistances  are  used. 

107.  In  some  instances,  instead  of  installing  a  line  wire  to 
act  as  a  return,  a  ground  or  a  rail  return  is  employed.  For 
example,  in  Pig.  44,  line  wire  H  may  be  omitted,  ground  con- 
nections being  installed  as  indicated  by  dotted  lines,  or  a  re- 
turn path  being  provided  by  connecting  to  one  of  the  rails 
between  the  insulated  joints  at  points  Y  and  A,  making 
this  rail  a  common  conductor  for  both  the  track  and  the 
line  circuits. 

108.  It  will  be  observed  in  Pig.  44,  that  the  line  battery 
and  line  relay  are  located  at  the  opposite  ends  of  the  circuit. 
The  object  of  this  is  to  guard  against  the  improper  energization 
of  this  relay,  which  would  probably  occur,  in  the  case  of  a 
cross  in  the  line  wires,  if  both  battery  and  relay  were  located 
at  the  same  end  of  the  circuit.  When  arranged  as  shown 
in  the  illustration  a  cross  in  the  line  would  simply  shunt 
relay   C. 

109.  It  is  apparent  that  if  test  keys*  are  installed  at  relays 
E  and  P,  they  will  only  indicate  that  a  portion  of  the  apparatus 
is  in  proper  working  order.  Por  instance,  a  test  made  at  relay 
E,  would  not  indicate  the  condition  of  relay  D.  A  test  key 
may  be  installed  in  the  line  circuit  to  indicate  the  condition  of 
relay  C,  but  to  ascertain  whether  the  alarm  at  crossing  A  op- 
erates when  relay  D  is  shunted,  or  the  alarm  at  crossing  B  when 
relay  E  is  shunted,  their  operation  should  be  observed  when  a 
train  is  approaching.  Therefore  it  is  usually  desirable  to  omit 
test  keys  in  such  cases. 

110.  When  three  or  more  crossings  are  so  located  as  to  re- 
(juire  overlapping  alanns,  the  arrangement  shown  in  Pig.  45, 
may  be  employed.  As  will  be  seen  this  is  a  development  of 
the  circuits  shown  in  Pig.  44. 

The  alarms  at  crossings  X  and  Y,  start  when  the  train  passes 
point  W,  and  that  at  crossing  Z,  when  it  passes  crossing  X, 
each  of  them  stopping  when  the  rear  of  the  train  passes  it. 

•See  Art.  99. 
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If  it  IB  desired  to  start  the  alarm  at  crossing  X,  before  the 
train  reaches  point  W,  the  apparatus  shown  dotted  is  installed. 
;  will  be  observed  that  the  circuits  niay 
,  "epeated  for  any  number  of  crossings, 

ig  the  line  relay  at  each  crossing  except 
last,  at  which  the  alarm  is  controlled 
a  relayed  track  circuit. 

LI,  As  relay  A  is  supplied  with  cur- 
;  from  a  bell  battery,  it  is  wound 
0  a  rcsiatance  suited  to  its  voltage, 
00-ohm  relays  being  commonly  used  for 
his  purpose,  although  relays  of  higher 
esistance.  are  sometimes  more  eeouom- 
?al,    as   regards   current  consumption. 

112.    It  is  often  necessary  to  con- 
!j  trol  a  erosaing  alarm  by  track  cir- 
^  cuits  which  are  also  employed  to 
S  control  other  signal  apparatus.     A 
:  .    method  of  accomplishing  this  is  il- 

lustrated in  Fig.  46. 
It   will    be    observed   that   the    alarm 
■euit    is   controlled   by   the   track  cir- 
it    extending    from    point    A    to    the 
)ssing,  whereas   the   signal   apparatus, 
which   is   foreign   to   the   alarm  cir- 
cuit,  is  controlled  by  relay  B,  this 
relay    indicating   the   presence   of   a 
i  train     between     point     C     and    the 

crossing. 
Ii  polarized  relayed  track  circuits  are 
!  polarized  feature  may  be  omitted  if 
■dinary  neutral   relayed  track  circuits 
1.- 

y    D    may    be    momentarily    de-ener- 

:n    the    pole    changer    is    reversed   to 

s  polarity  of  the  track  circuits,  thus 

■This  holds  true  for  circuits  shown  hereafter,  except  as  noted  otherwise. 
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tending  to  cause  the  bell  to  ring,  a  slow  stroke  gong  is  some- 
times  employed. 

C  A 

+ 


/..: 
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lis.  By  locating  a 
test  key  (shown  dotted) 
in  the  leads  of  the  track 
battery  at  the  crossing, 
an    indication    will    be  p|^.  4^ 

given  of  the  condition  of  all  circuits  controlling  the  alarm. 
However,  care  must  be  taken  to  select  a  suitable  time  to  test 
the  circuits,  as  the  de-energization  of  relay  B,  which  often 
controls  a  signal,  may  cause  delays  to  traffic. 

114.    The  circuit  arrangement  shown  in  Pig.  47,  is  adapted  to 
cover  the  same  conditions  as  explained  in  connection  with  Fig.  46. 


It  will  be  noted  that  it 
differs  from  that  arrange- 
ment in  that  a  neutral  cir- 
cuit is  installed  on  section 
A,  and  that  the  position 
the  line  relay  and  battery  is 
reversed.  ,        pi^.  47 

Line  relay  B,  repeats  the  positions  of  track  relay  C,  being 
used  to  relay  the  track  circuit. 

The  circuits  8ho\^Ti  in  this  illustration  are  so  arranged  that 
there  is  no  tendency  to  cause  the  bell  to  ring  improperly. 
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116.  Where,  as  in  Pig.  47,  the  bell  battery  is  also  used  to 
supply  current  to  line  circuits,  a  check  on  the  condition  of 
the  battery  is  obtained.  For  instance,  the  bell  circuit  would 
not  give  any  indication  of  a  battery  failure  until  a  train  en- 
tered the  ringing  circuit,  at  which  time  the  bell  would  fail 
to  ring,  but  relays  B  and  D  would  show  up  this  condition 
by  remaining  de-energized. 

116.  In  Fig.  48,  is  shown  an  arrangement,  in  which  the 
circuit  for  the  signal  apparatus,  foreign  to  the  alarm,  is  carried 

t 
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through  contacts  on  line  relay  A,  which  is  in  turn  controlled 
by  the  track  relays. 

117.  To  avoid,  as  much  as  possible,  complications  in  the  cir- 
cuits, the  length  of  the  track  circuit  controlling  the  alarm, 
may  be  varied  \\ithin  reasonable  limits,  thus  allowing  it  to 
be  adapted  to  suit  local  conditions. 


118.  In  Figs.  46-48,  it  will  be  observed  that  the  track  circuit 
which  operates  the  crossing  alarm,,  is  at  one  end  of  the  track 
over  which  the  control  of  the  other  signal  apparatus  is  ex- 
tended. It  is  however,  often  necessary  to  operate  a  crossing 
alarm  by  a  track  circuit  located  within  such  a  section,  but 
at  some  distance  from  either  end  of  it.  One  method  of  doing 
this,  which  is  suitable  for  use  with  neutral  circuits,  is  illus- 
trated in  Fig.  49,  in  which  the  alarm  is  operated  by  track  cir- 
cuit B.  In  this  instance  line  relay  D  is  controlled  by  track 
circuits  B  and  C,  and  in  turn  controls  track  circuit  A.  There- 
fore,   relay    E,    which   controls   the    apparatus    foreign   to   the 
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crossing  alarm,   indicates  the  presence  of  a  train  on  circuits 
A,  B  or  C. 


FiK.  4a 
A  similar  arrangement  to  that  shown  in  Fig.  49,  might 
be  employed  with  polarized  circuits,  but  it  is  not  gen- 
erally considered  good  practice  to  relay  a  polarized  track 
circuit  more  than  once  on  account  of  the  difficulty  ex- 
perienced in  maintaining  circuits  controlled  through  pol- 
arized  contacts* 

119.  It  will  be  observed  that  the  common  u-ire  is  extended 
to  one  terminal  of  relay  D,  forming  one  side  of  the  tine  circuit. 
The  other  side  of  this  circuit,  that  is,  the  wire  which  carries 
current  from  the  battery  wire  to  the  other  terminal  of  celay 
D,  and  is  broken  through  the  upper  contacts  on  the  track  re- 
lays at  the  crossing,  is  tcnown  as  the  control  wire  for  relay  D. 
In  other  words  when  one  or  more  contacts  are  employed  to 
control  an  instrument,  it  is  customary  to  have  all  the  con- 
trolling contacts  placed  in  one  side  of  the  circuit,  the  battery 
wire  being  carried  to  the  first,  and  the  control  wire  beginning 
there  and  being  carried  through  all  other  contacts  to  the  con- 
trolled instrument,  the  circuit  then  returning  to  the  battery 
on  the  common  wire. 

120.  Where  it  is  desired  to  employ  polarized  circuits  at  lo- 
cations similar  to  that  shown  in  Pig.  49,  the  arrangement  shown 
in  Fig.  50,  may  1h'  used.  As  will  be  seen  line  relay  D  is  at 
the  opposite  end  of  circuit  A,  to  that  shown   in  Pig.  49,  its 

•S««  D.  C.  Rclars- 
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circuit  being  carried  through  a  contact  on  track  relay  E,  as 
well  as  through  contacts  on  the  track  relays  of  circuits  B  and 
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C.    Of  course,  the  apparatus  controlled  by  relay  E  in  Fig.  49, 
is  in  this  case  controlled  by  relay   D. 

121.    When  it  is  desired  to  operate  crossing  alarms  at  two 
adjacent  crossings,  in  territory  where  the  track  circuits  con- 
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trol  other  signal  devices,  the  arrangement  illustrated  in  Fig. 
51,  may  be  employed. 

It  will  be  noted  that  line  relay  D  is  controlled  by  track  relays 
B  and  C,  and  that  it  controls  track  circuit  A. 

122.    If  conditions  require  it,  track  circuit  A  may  of  course, 
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be  omitted,  the  circuits  controlled  by  relay  A,  being  carried 
through  line  relay  D. 

The  return  line  wire  is  not  usually  carried  to  the  back 
contact  of  relay  B,  but  may  be  so  arranged,  aS  indicated  by 
dotted  lines,  if  the  shunt  protection  against  crosses  is  desired. 


128.  An  adaptation  of  the  arrangement  shown  in  Fig.  50, 
for  use  where  alarms  are  to  be  installed  at  two  adjacent  cross- 
ings, is  illustrated  in  Fig.  52. 
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124.    The  arrangement  illustrated  in  Fig.  53,  is  an  adaptation 
of  that  shown  in  Fig.  43,  the  track  circuits  which  control  the 

West  \^  1  Eo&t 
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crossing  alarms,  also  controlling  other  signal  devices,  the  con- 
trol of  which  extends  east  of  the  crossings. 
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125.  A  similar  adaptation  to  that  just  described  is  illustrated 
in  Pig.  54,  the  circuits  being  a  development  of  those  shown  in 
Fig.  44. 


126.  It  will  be  observed,  that  a  common  return  wire  is  used 
for  the  two  line  circuits,  and  that  the  back  contact  shunts  are 
omitted  from  these  circuits.  This  is  so  arranged  to  avoid  the 
possibility  of  line  relays  or  other  apparatus,  being  falsely  en- 
ergized as  a  result  of  a  break  or  unusual  resistance  in  the 
common  wire,  or  on  account  of  drop  in  potential  on  this  wire, 
due  to  its  being  overloaded^  with  current. 


127.    One  of  these   conditions  is  illustrated  in  Fig.   55,  in 
which  the  common  return  wire  for  two  line  circuits  is  connected 
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•The  term  overload^  as  used  here,  does  not  mean  that  the  current  flow- 
\r\K  In  the  common  wire  exceeds  the  amount  which  It  can  safely  carry 
without  undue  heating  (as  mentioned  in  MnKnetlsin  and  Gl^ctrldiT),  but 
is  current  above  the  amount  which  it  can  carry  without  causlner  a  dan- 
gerous drop  in  potential. 
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to  the  back  •  contacts  of  the  controlling  relays  in  a  manner 
similar  to  that  employed  in  connection  with  the  separate  line 
circuits  shown  in  Figs.  44-53. 

With  controlling  relay  B,  de-energized,  relay  B'  should  also 
be  de-energized,  but  with  a  break  in  the  common  wire  at  any 
point  between  joints  X  and  Y,  for  instance  at  W,  relay  B' 
is  placed  in  series  with  relay  A'  and  consequently  energized 
by  current  from  battery  A,  flowing  through  the  path  indicated 
by  the  arrows. 

If  the  conditions  should  be  reversed,  relay  A  being  open 
and  relay  B  closed,  then  relay  A'  would  be  improperly  en- 
ergized by  current  flowing  from  battery  B,  in  the  direction 
opposite  to  that  indicated  by  the  arrows. 

It  will  be  seen  that  unusually  high  resistance  instead  of  a 
break,  would  tend  to  produce  the  same  effect. 

128.  Another  condition  which  may  cause  the  improper  en- 
ergization of  apparatus,  through  back  contact  shunts,  is  the 
overloading  of  the  common  wire. 


129.    A    circuit    arrangement   where   such   a   condition    may 
exist,  is  shown  in  Fig.  56.     If  the  resistance  of  the  common 

wire  between  points  A  and 
^  B  is  3  ohms,  and  there  is 
^  a  current  of  2  amps,  flow- 
ing from  point  C  to  D, 
there  would  be  a  potential 
,    difference*  of  6  volts 
Figf,  50  between    points   A 

and  B,  providing  the  circuit  for  relay  E  was  open,  that  is,  the 
back  contact  shunt  on  relay  F,  omitted.  Now,  assuming  the 
resistance  of  relay  E  to  be  100  ohms,  and  also  assuming  the 
circuit  for  this  relay  to  be  closed  through  the  back  contact  of 
relay  F  as  sho^\'n;  then,  an  additional  path  is  provided  which, 
allowing  5  ohms  for  the  resistance  of  the  wiring,  has  a  total 
resistance  of  105  ohms.  By  combining  this  resistance  with 
that  of  the  common  wire,  the  joint  resistance  of  the  two  paths 
from  A  to  B,  is  found  to  be  2.92  ohms.  As  it  is  assumed  that 
2  amps,  is  flowing  from  C  to  D,  the  drop  in  potential  between 
points  A  and  B,  would  be  5.84  volts.    This  voltage  would  cause 
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a  current  of  55.6  mil-amps,  to  flow  through  relay  E  which, 
being  considerably  above  its  pick-up  point  would  energize  it 
improperly. 

130.  Reference  to  Fig.  54,  will  indicate  that,  although  a  back 
contact  shunt  cannot  be  used  at  controlling  relay  A,  on  accomit 
of  improper  energization  of  relay  A'  by  battery  B,  in  case  of 
a  break  or  unusually  high  resistance  in  the  common  wire  be- 
tween points  C  and  D,  nevertheless  they  can,  if  desired,  be 
employed  at  controlling  relay  E,  without  producing  any  such 
dangerous  conditions. 

131.  However,  it  is  not  always  easy  to  determine  whether 
or  not  a  back  contact  shunt  may  safely  be  employed.  Therefore, 
although,  as  just  noted,  it  is  possible  in  some  cases,  to  safely  em- 
ploy back  contacts  to  obtain  shimt  protection  where  common  re- 
turn wires  are  used,  it  is  the  general  practice,  in  such  instances, 
especially  where  additional  circuits  are  likely  to  be  installed  using 
the  same  common  return  wires,  to  forego  their  use,  as  the  advan- 
tage gained  would  not  compensate  for  the  resulting  complications. 

132.  Another  instance. of  trouble  which  may  be  caused  by 
an  overloaded  common  wire  is  illustrated  in  Fig.  57.    In  this 

case  the  back  contact 
shunt  is  omitted,  but 
the  drop  in  voltage  on 
the  common  wire  acts 
as  a  counter  E,  M.  F.j 
--D  tending  to  oppose 
Fi«.  57  the  battery.   Thus, 

if  the  resistance  of  the  common  wire  between  points  A  and  B 
is  2  ohms,  a  current  of  2  amps,  flowing  from  point  C  to  D,  will 
cause  a  drop  in  potential,  between  points  A  and  B,  of  4  volts, 
which  would  neutralize  the  4  volts  generated  by  battery  G,  and 
thus  cause  relay  E  to  improperly  release  its  armature. 

133.  With  a  greater  difference  of  potential  between  points 
A  and  B,  enough  current  might  flow  through  the  circuit  for 
relay  E,  in  the  reverse  direction  as  indicated  by  the  dotted 
arrows,  to  cause  it  to  again  attract  its  armature  after  having 
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released  it.     Such  a  condition  may  prove  dan^rous  in  cases 
where  E  is  &  pol&rized  relay,  as  the  change  in  polarity  would, 
"  ■■  polarized  armature,   causing 
ication. 

'se  be  understood  that  a  break 
gh  resistance  in  the  common 
re  is  likely  to  produce  the 
me   eSect. 

134.   Ab  the  amount  of  current 
wing  in  the  common  wires  gen- 
ally   varies  considerably,   fail- 
es,   of   the   character  just  de- 
-ibed,  are  usually  intermittent, 
and  therefore  are  frequently 
difBcult  to  locate.     If,  how- 
ever,   it   is   definitely    deter- 
mined that  this  is  the  source 
of    the    trouble,    a    larger 
»    common    wire    or    separate 
3   circuits  should  be  installed. 

135.  In  eases  M-bere  the 
controlled  apparatus  which  is 
foreign  to  the  crossing  alarm, 
is  located  between  the  point 
where  the  train  starts  the 
alarm  and  the  crossing,  the 
arrangement  illustrated  in 
'  Pig.   58,  may  be  used. 

In  this  instance  relays  A 
the  alarm  and  relays  C  and 
devices,  the  bell  beginning  to 
i  train  passes  point  E. 
arized  track  circuit  is  used  on 
bown,  a  slow  stroke  bell  should 
jr  the  reasons  stated  in  Art.  112. 

136.    It  is  not  generally  considered  good  practice  to  use  a 
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fuse  in  lightning  arrester  G,  as  a  break  in  the  common  wire 
caused  by  the  blowing  of  the  fuse,  might  produce  conditions 
similar  to  those  explained  in  connection  with  Pig.  57.  If  fuse 
protection  is  desired  on  the  common  wire,  instead  of  one  ar- 
rester at  G.  two  may  be  employed,  one  at  H  and  the  other  at 
J,  at  which  points  it  will  be  noted  that  the  common  w'ire  con- 
ducts current  for  only  one  circuit. 

137.    It  will  be  observed  in   Figs.  46,  54  and  58.  in   which 
line  relays  control  the  bells,  that  a  separate  line  relay  must  he 


provided  for  each  track.  For  instance,  in  Fig.  46,  line  relay 
D  controls  the  bell  for  train  movements  on  the  track  shown, 
the  dotted  connections  to  the  bell  circuit  being  carried  through 
contacts  on  another  line  relay,  controlled  by  the  track  circuits 
on  the  opposite  track   (not  shown).* 

138.  To  avoid  the  use  of  one  of  these  line  relays  the  circuits 
an*  sometimes  arranged  as  shown  in  Fig.  59.  The  same  lay- 
out is  here  illustrated  as  appears  in  Fig.  46  (excepting  the 
polarized  feature  of  the  track  circuits)  it  being  necessar>'  to 
locate  relays  A  and  B  as  shown,  owing  to  their  controlling 
other  signal  apparatus.  It  will  be  seen  that  one  line  relay. 
C,  controls  the  bell  for  train  movements  on  both  tracks. 


•Tliat   is.   assumingr   that  the   circuit  arrangemf^nt   is   similar   for  both 
tracks. 
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With  this  arrangement  trouble  may  sometimes  be  experi- 
enced with  grounds  or  crosses.  For  example,  if  the  line  be- 
comes crossed  at  point  X,  the  bell  would  fail  to  ring  for  a 
west-bound  train.  Again,  when  a  common  wire  is  used  as 
shown,  similar  trouble  is  likely  to  result  from  a  ground  on 
wire  W,  as  the  common  wire  in  many  cases  is  permanently 
grounded,  while  in  other  cases  it  may  become  grounded  and 
remain  so  for  a  considerable  length  of  time  without  being 
discovered. 

139.   A  development  of  the  arrangement  shown  in  Fig.  59, 
for  use  at  two  adjacent  crossings,  is  illustrated  in  Fig.  60. 


Flff.  60 

It  will  be  noted  that  one  battery  operates  both  line  relays. 


140.  It  sometimes  happens  that  apparatus  foreign  to  the 
crossing  alarm  but  operated  over  the  same  length  of  track,  is 
located  in  advance  of  the  crossing  instead  of  in  rear  of  it.  An 
arrangement  for  use  in  such  cases,  is  shown  in  Fig.  61,  in 
which  relay  A  indicates  the  presence  of  a  train  between  points 
W  and  Z,  while  the  crossing  bell  rings  only  while  the  train  is 
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between   points   X   and  Y.     If  desired,  the  polarized  feature 
may  of  course,  be  employed  with  such  arrangements. 

w  X  Yi  z 


PiK.  61 

141.  Clearing  Relays.  Crossing  alarms  are  sometimes  op- 
erated in  connection  with  other  apparatus,  by  the  use  of 
clearing  relays,  as  shown  in  Fig.  62.  The  clearing  relay  A 
(which   may   be    either   an    ordinary    16-ohm    relay,      u 

I* 
H- 


or    24 — 24,    relay)    con- 


::^ 


or  a  compound  16 — 16 
trols  the  alarm  cir- 
cuit, and  relay  B, 
the  other  apparatus. 
"With  this  arrange- 
ment a  broken  rail 
or  defective  bonding, 
for  instance,  at  point  X,  might  keep  the 
bell  from  ringing  until  the  train  reached 


^ 
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that  point.  However,  as  relay  B  would  be  likely  to  fail  under 
such  conditions,  the  consequent  ff^ilure  of  the  apparatus  (fre- 
quently a  signal)  controlled  by  it,  would  draw  attention  to 
the  trouble,  and  if  a  signal,  the  speed  of  trains  would  be  re- 
duced over  the  crossing,  due  to  the  signal  assuming  the  danger 
position.  Therefore  the  possibility  of  danger  at  the  crossing 
on  account  of  a  broken  rail  or  poor  bonding  is  not  considered 
very  important. 

142.    Stick    Relays.     The    term    ''stick   relay"    signifies  an 

ordinary    relay    so    connected    into    a    circuit,    that    one  of 

its  front  contacts  closes  a  path  for  current  through  its 
own   coils. 
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143.    One  method  of  arranging  a  stick  relay  is  shown  in 
Fig.  63,  in  which  the  relay  is  normally  de-energized. 

A  T.F,  When  spring  key  A  is  closed 


,        r.    the  relay  attracts  its  armature, 

|i'"a^:j  ^^      ^^^  completing  a  second  path, 

Hv^ Q  z-**  known    as    the    stick    circuit, 


jj  through  contact  B,  and  there- 

FUf.  «s  ^  _j-  •  fore  keeping  the  relay  ener- 
gized after  key  A  has  been  released,  and  until  key  C  is  de- 
pressed, thus  cutting  oflf  all  current  from  the  relay. 

The  circuits  controlled  by  the  stick  relay  are  carried  through 
additional  front  or  back  contacts,  as  D  or  E. 

144.  In  some  instances  a  normally  open  key  F,  is  employed 
in  place  of  a  normally  closed  key  C.  As  will  be  seen  this  key 
when  depressed,  shunts  the  coils  of  the  relay  instead  of  break- 
ing the  stick  circuit.  In  cases  where  the  leads  to  key  F  are 
of  some  length  and  therefore  have  appreciable  resistance,  the 
relay  may  retain  its  armature  when  this  key  is  closed,  making 
good  contact.  This  is  especially  noticeable  when  the  internal 
resistance  of  the  battery  and  the  resistance  of  the  wiring  for 
the  stick  circuit  is  low,  which  when  key  F  is  closed,  permits 
considerable  current  to  flow.  To  overcome  this  suitable  re- 
sistance may  be  inserted  in  the  stick  circuit. 

When  it  is  desired  to  release  the  relay  from  different  points, 
two  keys  may  be  employed,  being  connected  in  series  or  in 
shunt  as  required. 

146.  In  some  cases  the  stick  relay  is  kept  normally  energized, 
the  arrangement  being  the  same  as  that  shown  in  Fig.  63, 
except  that  the  operation  is  reversed,  that  is,  instead  of  first 
closing  key  A  to  energize  the  relay  and  then  de-energizing  it 
with  key  C,  the  relay  (being  normally  energized)  is  first  de-. 
energized  with  this  key  and  then  energized  with  key  A. 

146.  The  position  of  key  C  is  varied  to  suit  the  conditions 
under  which  it  is  used;  in  fact,  it  may  be  placed  in  wires 
6,  H,  J  or  K,  as  at  any  of  these  points  it  will,  w^hon  opened, 
break  the  stick  circuit. 
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R^lay  contacts  or  other  circuit  dosing  devices,  are  very  fre- 
quently employed  in  stick  relay  circuits,  infl[tead  of  spring  keys. 

147.    Tripping  Circuits.     A  method  of  using  a  stick   relay 
for  operating  a  crossing  alarm  is  illustrated  in  Fig.  64.     Ap- 


paratus  foreign  to  the  alarm  is  controlled  by  relay  A,  into  whose 
circuit  is  inserted  two  cut-outs,  about  one  rail  or  less  in  length, 
for  the  control  of  the  stick  relay  B. 

148.  When  the  train  passes  onto  cut-out  rail  C,  relay  B  is 
energized  by  current  from  battery  D,  flowing  over  the  line  to 
rail  C.  through  the  wheels  and  axles  to  the  opposite  rail  (which 
acts  as  a  common  conductor  for  the  two  circuits  between  points 
E  to  F),  and  from  point  F,  through  the  relay  back  to  the  bat- 
tery. When  the  relay  is  thus  picked  up  it  closes  the  stick 
circuit  through  its  upper  contact  finger  and  the  bell  circuit 
through  its  lower  contact  finger.  As  the  train  passes  over  the 
cut-out  rail  at  the  crossing,  it  shunts,  the  current  out  of  the 
stick  relay,  causing  it  to  drop  and  open  the  bell  circuit. 

149.  If  gravity  cells  are  used  in  battery  D,  resistance  G, 
may  generally  be  omitted,  this  resistance  being  used  with  bat- 
teries of  low  internal  resistance,  to  avoid  the  improper  energi- 
zation of  the  stick  relay,  due  to  an  excessive  flow  of  current 
when  the  relay  is  shunted  by  wheels  on  the  cut-out  rail  at 
the  crossing.*  Resistance  G  should  be  about  equal  to  the  line 
resistance,  for  if  the  battery  provides  sufficient  current  to  pick 
up  the  relay  through  the  line,  it  will  of  course,  provide  suf- 


•See  Art.  144. 
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fieient  current  to  hold  it  up  through  a  resistance  of  the  same 
value. 

160.  It  will  be  noted  that  the  bell  does  not  continue  to  ring 
until  the  rear  end  of  the  train  reaches  the  crossing,  as  in  the 
case  of  arrangements  heretofore  described,  but  stops  when  the 
first  pair  of  wheels  reaches  the  cut-out  rail  at  the  crossing. 

161.  With  the  arrangement  shown  in  Fig.  64,  the  alarm 
is  controlled  entirely  by  normally  open  circuits;  that  is,  the 
circuits  are  norynally  de-energized.  It  is  evident,  therefore, 
that  if  any  of  them  should  become  interrupted,  for  instance, 
by  a  battery  failure,  broken  wire,  high  resistance,  etc.,  there 
would  be  no  indication  of  this  fact,  until  the  bell  failed  to  ring 
upon  the  approach  of  a  train.  Of  course,  this  feature  is  true 
of  the  hell  circuit  in  other  arrangements  described,  but  the 
probabilities  of  a  bad  condition  in  the  bell  circuit  are  much 
less  than  in  the  line  circuit,  in  which  the  wire  is  constantly 
imder  strain.  On  this  account,  some  engineers  do  not  favor 
this  arrangement.  It  is  apparent  that  in  such  circuits  lightning 
arresters  should  not  contain  fuses.* 

Other  methods  employed  for  operating  alarms  by  tripping 
circuits,  are  described  in  Art.  170. 

162.  Track  Instrument  Oontrol:  AVhen  track  instruments 
are  used  to  control  automatic  alarms  on  double  track,  it  is 
customary  to  employ  two  instruments  for  each  track,  one  being 
used  to  start  the  alarm  operating,  known  as  the  starter y  and 
the  other,  to  stop  it,  known  as  the  stopper.  The  starter  is 
located  at  the  point  where  it  is  desired  that  a  train  start  the 
bell  ringing,  and  the  stopper  at  the  crossing,  preferably  just 
in  advance  of  it. 

153,  An  arrangement  of  circuits  for  use  with  such  instru- 
ments, employing  two  normally  open  stick  relays,  one  for  each 
track,  is  illustrated  in  Fig.  65.  As  will  be  seen  the  contacts 
in  the  starters  are  normally  open,  and  those  in  the  stoppers, 
normally  closed. 


•Compare  with  Art.  101. 
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154.    When    an   east-bound   train    passes   over  starter   A,  it 
doses  its  contact  and  thus  completes  a  circuit  for  relay  J3  as 

S+opper" 


Storter- 


We6t 
Starter     I 


Cast 


stopper  ' 1 


•Stopper 


H|l|l|l|l|l|l|l|l|lf- 
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follows:  From  the  battery,  through  wire  C,  coil  of  relay  B, 
line  D,  instrument  A,  and  back  to  the  battery.  This  causes  the 
relay  to  pick  up  its  armature,  completing  the  bell  circuit  through 
its  lower  contact  finger,  and  through  its  upper  contact  finger,  the 
stick  circuit,  as  follows :  from  the  battery,  through  wire  C.  coil  and 
upper  contact  finger  of  relay  B,  wire  E,  instruments  F  and  6, 
and  back  to  the  battery.  Therefore,  although  the  line  circuit 
through  wn're  D,will  be  open  after  the  train  has  passed  instrument 
A,  relay  B  will  remain  enei^zed  and  the  bell  will  continue  to 
ring,  until  the  train  operates  track  instrument  F  or  G,  thus  open- 
ing its  contact  and  consequently  breaking  the  stick  circuit. 

Stick  relay  H  operates  in  a  similar  manner  for  west-bound 
trains. 

155.  The  purpose  of  the  additional  stopper  G,  is  to  stop  the 
alarm  in  case  an  approaching  train,  after  operating  starter  A, 
should  enter  the  siding  instead  of  proceeding  over  the  crossing. 

156.  It  will  be  observed  that  the  battery  which  feeds  the  line 
circuits  (and  also  the  bell  circuit)  is  at  the  saime  end  of  the 
line  as  the  relays.*    This  arrangement  is  desirable  in  this  case. 


•Compare  with  Art.  108. 
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as  the  line  circuit  is  normally  open  instead  of  normally  closed, 
and  therefore  crossed  wires  would  produce  the  same  eflEeet  as 
is  produced  by  closing  the  starting  instruments,  that  is,  the 
bell  would  ring  continuously,  which  would  be  safer  than  pre- 
venting it  from  ringing,  as  would  probably  happen  in  the  case 
of  crossed  wires,  if  the  batteries  for  these  relays  were  located 
at  the  starting  instruments. 

167.  As  will  be  seen,  no  lightning  arresters  are  provided 
between  the  line  and  the  track  instruments.  This  represents 
common  practice,  although  they  may  be  used  if  desired. 

The  return  wire  for  the  line  circuits,  is  illustrated  as  being 
used  in  common  with  other  circuits  (not  shown).  Of  course, 
if  desired,  a  separate  return  wire  may  be  used. 

158.  An  arrangement  of  normally  closed  line  circuits,  em- 
ploying track  instruinents,  is  illustrated  in  Fig.  66,  the  normal 
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position  of  the  track  instruments  and  stick  relays,  being  the 
reverse  to  that  shown  in  Fig.  65,  and  the  bell  circuit  being  con- 
trolled through  back  instead  of  front  contacts. 


159.    As  in  this  case,  the  starters  form  part  of  the  stick  cir- 
cults,  a  train  passing  over  one  of  them  will  de-energize  its  stick 
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relay,  thus  causing  the  bell  to  ring  until  this  relay  is  again 
energized  by  the  train  passing  over  the  stopper. 

As  will  be  observed  an  additional  starter  is  provided  on  the 
branch  which  joins  the  east-bound  main  track,  thus  an .  ap- 
proaching train  on  the  branch  as  well  as  one  on  the  main  line 
will  start  the  alarm.  If  this  were  an  ordinary  siding  instead 
of  a  branch,  and  it  was  desired  to  use  the  additional  starter, 
it  would  be  placed  between  the  fouling  point  and  the  switch 
so  as  not  to  be  operated  by  a  train  moving  on  the  siding  unless 
it  was  coming  out  onto  the  main  track.  If  required,  additional 
starters  may  of  course  be  employed  with  any  of  the  circuit 
arrangements  here  shown,  being  connected  in  multiple  when 
the  starter  circuit  is  normally  open  and  in  series,  as  shown, 
when  normally  closed. 


160.  Protection  against  broken  wires  on  the  line  circuits 
is  of  course,  provided  in  Fig.  66,  but  not  against  crossed 
line  wires. 

If  it  is  desired  to  employ  normally  closed  circuits  and  also 
guard  against  dangerous  failures  from  crossed  wires,  separate 
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batteries  may   be   provided  for  the  line  circuits,  as  shown  in 
Fig.  67. 
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It  will  be  observed  that  an  additional  stopper  is  used  at  the 
siding  and  in  this  connection  it  should  be  noted  that  if  the 
stopper  at  the  crossing  is  normally  open,  the  siding  stopper  is 
connected  in  multiple,  but  if  normally  closed,  as  in  Fig.  65, 
it  is  connected  in  series. 

In  this  case,  the  return  for  the  bell  circuit  is  carried  on  the 
common  wire,  being  so  arranged  to  save  wire.  Of  course,  the 
saving  of  wire  depends  largely  upon  the  location  of  the  relays, 
batteries,  etc.,  and  therefore,  in  many  instances,  it  is  possible 
to  keep  the  return  wire  from  the  bell  to  the  battery,  separate 
from  the  other  circuits  without  the  use  of  much  additional 
wire,  which  is  of  course  a  better  arrangement. 


161.    The  circuits  shown  in   Fig.   68  are  for   use   with   the 
type  of  interlocking  relay  known  as  a  double  circuit  instrument,* 


Fis.  es 

The  normal  position  of  the  instrument  in  this  case  is  locked; 
that  is,  the  vertical  armature  is  held  close  to  its  magnets  by 
the  upper  armature,  and  the  retractile  spring  is  compressed. 
All  circuits  are  normally  open,  the  upper  magnet  being  ener- 
gized when  a  train  operates  the  starter.  As  soon  as  this  magnet 
picks  up  its  armature,  it  releases  the  vertical  armature  and 
allows  the  retractile  spring  to  reverse  the  positions  of  the  con- 
tacts. When  contact  C  opens  it  breaks  the  line  circuit  and 
thus  the  entire  energj'^  of  the  battery  is  allowed  to  work  on  the 
bell,  the  circuit  of  which  is  closed  by  contact  D.    When  the 


*  Described  in  D.  C.  Relays. 
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train  reaches  the  stopper  and  closes  its  contact,  the  lower  mag- 
net is  energized  and  its  armature  drawn  up,  which  action 
restores  the  contacts  to  their  normal  position,  thus  stopping 
the  bell,  and  permitting  the  upper  armature  to  again  lock  the 
lower  one. 

The  apparatus  is  duplicated  for  the  other  track  (not  sho^Ti), 
using  the  wiring  indicated  by  dotted  lines. 

162.   Time  Circuit  Controllers :    An  alarm  circuit  employing 
the  time  circuit  breaker.  Figs.  29-31,  operated  by  a  track  in- 
strument, is  illustrated 
in  Fig.  69.    It  will  be 
observed  that  the  track 
instrument    takes    the 
place  of  the  key  shown 
in  Fig.  30,  so  that  when 
it  is  closed  the  oper- 
ation of  the  time  cir- 
cuit breaker  is  started, 
immediately    closing 
-4^  the    bell    circuit    and 
keeping  it  closed  dur- 
FiK.  «o  ing  its  operation. 


163.  A  similar  arrangement  in  which  a  separate  battery  is 
provided  for  the  time  circuit  breaker,  is  shown  in  Fig.  70. 
This  is  considered  a  somewhat  better 
scheme,  as  the  bells  are  usually  con- 
structed to  operate  on  a  higher  voltage 
than  the   time   circuit   breaker. 

Another  reason  for  the  use  of  two  bat- 
teries is  the  fact  that  with  the  single 
battery  arrangement,  if  as  the  bell  arm- 
ature vibrates,  the  bell  circuit  and  the 
path  through  the  coils  of  the  time  circuit 
breaker  close  at  the  same  time,  as  is  likely  pik-  to 

to  occur  quitch  often,  the  current  through  each,  with  batteries 
having  high  internal  resistance,  is  reduced,  probably  affecting 
their  operatiou. 
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164.  At  points  where  the  speed  of  trains  varies  considerably 
with  a  consequent  variation  in  the  time  required  for  trains 
to  reach  the  crossing,  after  they  have  passed  the  starter,  the 
,  arrangement  just  described  is  not  always  satisfactory,  as  the 
alarm  cannot  be  timed  to  cover  all  conditions  properly.  For 
instance,  if  the  time  circuit  breaker  is  set  so  as  to  stop  the 
alarm  in  the  time  required  for  the  fast  trains  to  reach  the 
crossing,  it  is  evidently  too  short  for  the  slower  ones  and  if 
lengthened  for  them,  it  continues  unnecessarily  after  the  fast 
trains  have  passed  the  crossing,  which  is  undesirable,  as  a 
person  on  the  highway  will  wait,  expecting  a  train  on  the 
other  track. 

166.  In  order  to  overcome  such  difficulties  the  time  circuit 
breaker  may  be  arranged  to  be  controlled  by  two  track  instru- 
ments, a  starter  and  a  stopper,   as  shown  in  Fig.  71.     This 


FlK.  71 

provides  for  the  cutting  out  of  the  bell  by  a  stick  relay  actuated 
by  the  stopper,  in  case  a  train  reaches  the  crossing  before  the 
time  circuit  breaker  has  completed  its  movement. 


166.  When  the  time  circuit  breaker  is  put  in  operation  by 
the  starter,  it  closes  the  bell  circuit  in  the  usual  manner,  and 
at  the  same  time,  closes  another  contact,  which  allows  the 
stick  relay  to  be  energized,  if  the  stopper  is  operated  before 
the  time  circuit  breaker  has  completed  its  movement.  As  the 
bell  circuit  is  carried  through  a  back  contact  on  the  stick  relay. 
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it  is  broken  when  this  relay  is  energized;  the  time  circuit 
breaker,  however,  continues  to  operate  until  it  has  completed 
its  movement,  when  it  breaks  the  circuit  of  the  stick  relay, 
restoring  all  parts  to  their  normal  position. 

The  time  circuit  breaker  is  set  to  give  the  longest  alarm 
that  will  be  required  and  thus  a  satisfactory  alarm  is  pro- 
vided without  false  operation. 

167.  As  indicated  in  the  illustration  separate  batteries  are 
provided  for  the  time  circuit  breaker  and  the  bell,  but  if  de- 
sired one  battery  may  be  employed,  as  in  Fig.  69. 

168.  Circuits  employed  with  the  time  element,  Fig.  33,  are 
illustrated  in  Fig.  72,  arranged  for  use  on  an  electric  railway. 
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Trollei^  Wire,  Third  Rbil-     Mercunj 
y_  or  Feeder  /f?etoj 


The  two  lower  contracts  on  the  mercury  relay  are  those  oper- 
ated by  the  ratchet  device  in  conjunction  with  the  motor.  The 
mercury  relay  only  is  supplied  with  current  from  the  battery 
whose  circuit  uses  the  rail  as  one  conductor.  The  solenoid 
relay,  motor  and  bell  are  operated  by  propulsion  current,  the 
voltage  being  cut  down  .by  inserting  a  suitable  resistance  A, 
in  their  circuit. 


169.  By  a  study  of  the  circuits  for  alarms  operated  by  track 
instruments  and  time  circuit  controllers  it  will  be  seen  that 
test  keys  cannot  be  satisfactorily  applied,  because  they  would 
not  indicate  the  condition  of  the  track  instruments.  Therefore 
if  a  test  is  to  be  obtained  it  is  necessary  to  observe  the  opera- 
tion of  the  alarm  when  trains  are  approaching  the  crossing, 
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noting  that  it  operates  properly  for  trains  on  all  possible 
routes. 

■  170.  Tripping  track  circuits,  either  normally  open  or  nor- 
mally closed,  may  be  used  with  any  of  the  arrangements  shown 
in  Figs.  65-72,  instead  of  the  track  instruments. 

Normally  closed  circuits  are  in  most  cases,  safer  for  starting 
the  belly  as  in  case  of  a  failure  of  such  a  track  circuit,  the  bell 
will  ring,  whereas  when  normally  open  circuits  are  used  such 
a  failure  will  result  in  no  indication  being  given  by  the  bell, 
wh(^n  a  train  passes  over  the  circuit.  However,  normally  open 
track  circuits  usually  operate  more  quickly  than  the  normally 
closed,  making  it  necessary  in  the  case  of  the  latter,  to  have 
a  slightly  greater  length  of  rail,  which  is  sometimes  undesirable, 
as  for  instance,  where  cut-outs  (Fig.  64)  are  used  for  the 
tripping  circuits. 

Normally  open  track  circuits  are  generally  considered  the 
most  satisfactory  for  stopping  the  bell,  as  a  failure  of  such 
circuits  under  these  conditions,  will,  after  the  bell  has  started 
to  operate,  cause  it  to  ring  continuously,  whereas  the  failure 
of  a  normally  closed  circuit  under  like  conditions  will  either 
prevent  the  bell  from  starting  to  operate,  or  stop  it  before 
the  train  reaches  the  crossing. 

171.  Interrupting  Devices:  In  some  cases  it  is  desired  to 
leave  cars  standing  on  a  track  circuit  which  operates  a  crossing 
alarm,  while  part  of  the  train  passes  over  the  crossing  for  the 
purpose  of  switching,  etc.  In  order  that  the  bell  may  not  ring 
continuously,  while  the  train  is  switching,  the  arrangement 
shown  in  Fig.  73.  is  sometimes  used,  a  short  normally  open 
track  circuit  being  installed  at  the  crossing  and  its  relay  op- 
erated as  a  stick  relay. 

172.  As  will  be  seen,  the  bell  stops  ringing  when  the  first 
pair  of  wheels  reaches  the  normally  open  track  circuit  and 
will  not  again  ring  for  this  track  until  all  the  cars  have  passed 
off  the  normally  closed  track  circuit,  and  this  circuit  is 
again  occupied  by  a  train  moving  in  the  normal  direction 
of  traflBc. 
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173.    The  arrangement  shown  in  Fig.  73,  is  also  used  to  ad- 
vantage at  points  where  short  reverse  movements  are  made, 


West 

-Ft 
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usually  for  switching  purposes,  as  at 
stations.  If  a  train  should  approach 
from  the  east,  it  would  pick  up  the 
stick  relay  when   passing  from   one  pi«.  ts 

circuit  to  the  other  and  thus  the  bell  would  be  kept  from  ring- 
ing while  the  train  was  working  on  the  normally  closed  track 
circuit.  As  train  movements  at  the  crossing  in  such  cases,  are 
usually  very  slow  and  as  it  is  often  customary  to  have  the 
crossing  guarded  by  trainmen  while  such  movements  are  being 
made,  this  arrangement  is  generally  satisfactory. 

174.  An  arrangement  in  which  an  interlocking  relay  is 
lysed  for  a  purpose  similar  to  that  described  in  connection 
with    Fig,  73,   is    illustrated    in    Fig.   74. 

The  circuit  to  the  wei,T 
east  of  the  crossing  is  ^^,^^.^^___,;^^ 
made  long  enough  to 
cover  movements  which  it  may  be  de- 
sired to  make  while  the  rear  portion 
of  the  train  is  standing  on  the  other 
circuit,  this  being  necessary  as  the  rear 
portion  of  the  train  would  cause  the 
bell  to  ring,  if  the  forward  portion  moved  east,  clear  of  the 
circuit.  In  this  respect,  it  should  be  noted  that  it  differs  from 
the  arrangements  shown  in  Fig.  73.  It  also  differs  from  that 
arrangement  in  that  a  train  which  enters  the  circuit  west  of 
the  crossing,  before  the  train  ahead  has  left  the  circuit  east 
of  the  crossing,  will  ring  the  bell  as  soon  as  the  first  train  has 
passed  off  the  circuit,  instead  of  failing  to  do  so,  as  in  Fig.  73. 
As  the  bell  will  not  ring  when  a  train  is  on  the  circuit  east  of 
the  crossing,  this  should  be  made  as  short  as  possible  in  order 
that  a  proper  alarm  will  be  given  for  the  train  in  the  rear  and 
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on  this  account  this  arrangement  should  not  be  used  where 
switching,  movements  are  made  at  any  great  distance  east  of 
the  crossing. 

176.  In  the  case  of  reverse  movements  the  interlocking 
feature  keeps  the  back  contact  from  closing;  therefore,  the 
operation  in  such  cases,  is  the  same  as  described  in  connection 
with  Pig.  73. 

It  should  be  observed  that  a  failure  of  the  track  circuit  to 
the  east  of  the  crossing,  Fig.  74,  will  prevent  the  alarm  from 
operating. 

176.  In  case  a  switch,  which  is  frequently  used,  occurs  in 
the  track  circuit  which  operates  a  crossing  alarm,  a  develop- 
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ment  of  the  circuit  shown  in  Fig.  74,  may  be  employed,  as 
illustrated  in  Fig.  75.  It  wnll  be  seen  that  a  train  moving  to 
or  from  the  siding  will  keep  the  bell  from  giving  a  false  alarm. 

177.  Where  the  conditions  are  such  that  the  track  circuit 
east  of  the  crossing  is  unnecessary,  it  may  be  omitted,  the  line 
circuit  being  carried  directly  to  relay  coils  A. 

178.  Carrying  the  track  circuit  on  line  wires  (or  in  trunking) 
as  shown  in  Fig.  75,  while  satisfactory  for  a  few  hundred  feet, 
may,  on  account  of  the  resistance  of  the  wire,  be  found  un- 
satisfactory,  for  longer  distances. 

In  such  cases,  or  in  case  it  is  not  desired  to  lase  line  wires, 
the  arrangement  sho^^Ti  in  Fig.  76,  may  be  employed.    A  switch 
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circuit  controller,  or  switch   box*   which  is  operated   by  the 
s\*ntch,  is  so  arranged  that  when  the  switch  is  reversed,  con- 

6  E  Wtflst 
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tact  A  will  be  opened  and  contact  B,  closed.  A  cut-out  is 
installed  at  the  switch,  the  jumper  being  carried  through  the 
normally  closed  contact  on  the  switch  box,  as  shown.  When 
the  switch  is  opened  current  from  battery  C,  feeds  the  relay, 
instead  of  that  from  battery  D;  thus  under  these  conditions, 
the  track  circuit  begins  at  joint  E  instead  of  joints  F.  There- 
fore when  the  switch  is  opened  the  relay  will  be  energized  by 
battery  C,  regardless  of  the  presence  of  a  train  west  of  the 
switch,  consequently  a  train  entering  or  coming  from  the 
siding  will  not  ring  the  bell. 

The  switch  box  is  arranged  to  close  one  contact  before  break- 
ing the  other,  so  that  the  bell  will  not  ring  improperly  while 
the  switch  is  being  reversed. 

179.  As  battery  C  is  on  open  circuit  most  of  the  time,  it 
is  considered  most  economical  to  use  caustic  soda  or  potash 
cells  with  the  proper  series  resistance  as  shown. 

If  desired,  insulated  joint  6  may  be  omitted,  by  insulating 
the  switch  rods  and  cross  rail. 


180.  The  arrangement  shown  in  Fig.  76,  may  be  considered 
safer  than  that  illustrated  in  Fig.  75,  as  a  failure  of  the  track 
circuit  cannot  keep  the  bell  from  ringing. 

181.  A  test  key  employed  at  the  crossing,  Fig.  76,  does  not 
insure  that  the  alarm  will  operate  for  a  train  west  of  the 
switch,  as  the  switch  box  may  be  disconnected  and  left  in 
th(^  reverse  position,  thus  shortening  the  alarm  circuit  to  the 


•A  detailed  description  of  switch  boxes  Is  griven  hereafter. 
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switch,   and  allowing  the  alarm  to  operate  properly  for  the 
test  key. 

182.  In  some  eases  it  is  necessary  to  allow  a  train  to  stand 
on  the  track  circuit  which  controls  the  crossing  alarm,  for  in- 
stance to  handle  passengers  or  freight,  during  which  time  it 
is  desired  to  stop  the  operation  of  the  alarm. 

An  arrangement  for  accomplishing  this  is  illustrated  in  Fig. 
77,  in  which  a  stick  relay  is  employed,  being  supplied  with 


t^TMin 


current  by  the  bell  battery  and 
operated  by  a  spring  key.  The 
key  may  be  located  at  the  cross- 
ing or  at  any  other  convenient  ^  fi».  rr 
point  to  be  operated  by  trainmen,  who  also  guard  the  crossing,* 
or  it  may  be  placed  in  the  office  of  a  station,  to  be  operated 
by  the  station  attendant. 

183.  If  the  key  is  closed  while  the  track  circuit  is  occupied, 
the  stick  relay  will  be  energized,  thereby  stopping  the  alarm. 
When  the  key  is  released  the  stick  relay  remains  energized, 
its  armature  being  held  up  by  current  passing  through  the 
front  contact  of  the  stick  relay  and  the  back  contact  of  the 
track  relay.  When  the  train  passes  oft  the  track  circuit,  the 
stick  circuit  is  broken  by  the  track  relay,  which  also  breaks  the 
bell  circuit  thus  restoring  all  apparatus  to  its  normal  position. 

184.  It  would  not  be  advisable  under  these  conditions,  to 
use  a  cut-out  switch  in  the  alarm  circuit  to  stop  the  operation 
of  the  alarm,  in  place  of  the  interrupting  keys,  as  it  might  be 
opened  and  then  forgotten,  producing  a  dangerous  condition. 

186.  If  the  bell  battery  is  used  as  shown,  the  resistance  of 
the  stick  relay  should  of  course,  be  high,  but  if  a  high  resistance 
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relay  is  not  obtainable,  one  of  low  resistance  may  be  used,  ar- 
ranged as  shown  in  Fig.  78.  This  substitution  may  be  made 
in  similar  arrangements  described  hereafter. 

It  will  be  noted  in  Fig. 
77,  that  two  or  more  keys 
may  be  provided,  where 
it  is  desired  to  stop  the  operation  of 
the  alarm  from  different   points. 


186.    In   some   cases   a  key   is   desired  to 
again    start    the    alarm,   after    it    has    been 
stopped.     A  means  of  accomplishing  this  is  Q  Hl|lil|'|l|l|l|l|l|'~^ 
illustrated  in  Fig.  79,  in  which  stopping  and  fi».  ts 

starting  keys  are  provided  at  two  diflferent  points.     As  will 
be  seen,  with  the  track  occupied,  either  of  the  stopping  keys 

A  or  B,  when  closed, 
—  will  energize  the  stick 
■~  relay    and    stop    the 
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alarm,  and  either  of  the 
starting  keys  C  or  D,  when 
opened,  will,  owing  to  their 
being  in  series  with  the  stick 
circuit,  de-energize  the  stick 
relay  and  therefore  will 
again  start  the  alarm.  If  it  is  desired  to  have  keys  at  only 
one  point  as  A  and  C,  it  is  evident  that  this  can  readily  be 
arranged,  in  fact  any  combination  of  keys  may  be  provided. 

187.  In  some  instances,  the  alarm  is  so  arranged  that  it 
will  start  automatically  after  it  has  been  stopped,  a  method  for 
doing  this  being  shown  U  in  Fig.  80.  A  short  normally 
closed   track   circuit   is     ,     cut  into  the  regular  track  circuit 
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just  in  advance  of  the  point  where  the  train  is  to  stand  (sho^\^l 
dotted ) . 

188.  After  the  bell  has  been. stopped  by  closing  the  upper 
key,  it  may  be  started  again  by  opening  the  lower  key,  or  by 
the  train  shunting  track  relay  A,  either  of  which  will  open 
the  stick  circuit,  causing  the  bell  to  ring. 

189.  As  will  be  observed  relay  A  when  de-energized,  breaks 
the  jumper  of  the  regular  track  circuit  and  also  shunts  its 
relay.  If  trouble  from  foreign  current  is  to  be  guarded  against, 
it  is  sometimes  considered  better  to  run  the  jumper  as  shown 
dotted,  simply  allowing  relay  A  to  shunt  the  other  track  relay 
through  its  back  contact. 

190.  If  desired  a  track  instrument  may.be  substituted  for 
the  short  track  circuit,  one  normally  closed  contact  being 
provided  to  break  the  stick  circuit  when  the  instrument  is 
operated. 

191.  Where  buzzers  are  employed,  to  indicate  the  effect  of 
the  operation  of  the  interrupting  keys  on  the  bell,  the  arrange- 
ment shown  in  Fig.  81^ 
is  generally  used.  As 
indicated  the  buzzer  is 
in  multiple  with  the 
beU  and  two  contacts 
are  required  on  the 
stick  relay.  In  case 
the  buzzer  does  not  re- 
quire the  full  voltage 

of    the    bell    circuit,   resistance    as 
shown   at   A,   is  used. 

If  the  bell  circuit  should  be  in- 
^^*'  ®*  terrupted,  as,  for  instance,  by  poor 

connection  at  the  bell  contact,  the  buzzer  when  connected  as 
shown,  will  continue  to  operate  properly.  Therefore  the  action 
of  the  buzzer  should  not  be  taken  as  a  test  for  the  condition 
of  the  alarm. 
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It  will  be  noted  that  lightning  arresters  are  cut  into  the 
wires  leading  to  the  keys.  It  is  usually  considered  unnecessaiy 
to  so  protect  the  keys,  the  arresters  only  being  employed  when 
the  wires  enter  buildings,  to  protect  them  from  fire.  It  is,  of 
course,  not  advisable  to  use  fuses  in  the  circuits  for  normally 
open  starting  keys. 

192.  Where  on  account  of  the  distance  or  for  any  other  reason, 
it  is  not  desired  to  run  wires  from  the  crossing  to  the  point 


FlK.  82 

where  the  train  starts  the  bell  after  it  has  been  stopped  by  the 
key,  the  arrangement  shown  in  Fig.  82,  may  be  employed. 

193.  It  will  be  noted  that  the  jimiper  of  the  regular  track 
circuit  is  carried  through  a  back  contact  on  relay  A,  and  that 
when  a  train  enters  the  circuit,  it  shunts  relay  B,  and  conse- 
quently rings  the  bell.  The  operation  of  the  bell  may  be  stopped 
by  closing  key  C,  thus  completing  the  circuit  for  stick  relay  A, 
which  when  energized  completes  the  stick  circuit  through  its 
upper  front  contact.  When  the  stick  relay  is  energized,  the 
same  effect  is  produced  by  its  two  lower  contacts,  as  by  the 
sw^itch  box  contacts  in  Pig.  76  when  the  switch  is  reversed, 
battery  D  supplying  current  to  relay  B,  energizing  it  and 
stopping  the  bell.  When  the  bell  is  to  be  started  again,  either 
key  E  is  closed,  thus  shunting  the  stick  relay,  or  the  saine 
effect  is  produced  by  the  train  proceeding  onto  the  short  track 
circuit. 


194.    If  there  is  a  great  length  of  wire  between  battery  P 
and  key  E,  the  depressing  of  this  key  may  not  be  effective  in 
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sbuntii^  the  relay  on  account  of  the  resistance  of  tbis  wire.  In 
such  cases,  it  may  be  desirable  to  insert  resistance  G,  to  oflEset 
that  of  the  wire,  or  to  use  a  normally  closed  key,  cut  in  series 
with  the  stick  circuit,  so  that  when  opened  it  will  break  this 
circuit  instead  of  shunting  it. 

196.  It  should  be  observed  that  the  interrupting  arrange- 
ment. Pig.  82,  differs  from  the  others  described,  in  that  the 
L'utting  out  key  is  efEective  whether  a  train  is  present  on  cir- 
cuit B  or  not,  and  if  after  being  operated  for  a  train  on  that 
eircnit  (shown  dotted)  the  train  should  back  off  or  pass  onto 
a  siding,  the  apparatus  would  not  be  automatically  restorM 
to  its  normal  position,  but  would  require  the  operation  of  the 
starting  key.  Therefore,  if  this  operation  should  be  neglected, 
a  faat  train  might  approach  and  not  operate  the  alarm  until 
it  reached  the  starting  circuit,  thus  giving  a  short  alarm  and 
consequently  producing  a  dangerous  condition. 


S^ 


196.    An  application  of  the  time  circuit  breaker.  Figs.  29-31, 
for  cutting  out  a  crossing  alarm,  is  illustrated  in  Fig.  83. 

It    will    be    observed 
that  when  the  track  re- 
lay   is    de-energized,   it 
starts  the  bell  ringing  and 
I  also    starts    the    time    cir- 

;  cuit    breaker    operating. 

j  The   arm   which   normally 

stands  just  above  the  ivory 
block,  has  to  travel  nearly 
a  complete  revolution  be- 
'■'«■  *•  fore  it  closes  the   contact 

which  picks  up  the  stick  relay.  If  the  train  is  moving  fast  it 
passes  off  the  track  circuit  and  stops  the  bell  in  the  ordinary 
way.  before  the  time  circuit  breaker  cl(wea  the  stick  relay  cir- 
cuit, and  the  time  circuit  breaker  stops  when  it  has  completed 
one  revolution.  However,  if  the  train  is  moving  slowly  or  is 
stopped  before  it  passes  off  the  track  circuit,  the  stick  relay 
picks  up  and  stops  the  bell,  the  time  circuit  breaker  continuing 
to  run  as  long  as  the  track  relay  is  de-energized.     In  this  case, 
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when  the  track  relay  is  energized  due  to  the  train  passing  off 
the  circuit,  it  cuts  off  current  from  the  stick  relay  and  also 
current  from  binding  post  2,  so  that  the  time  circuit  breaker 
stops  when  it  reaches  its  normal  position.  In  fact,  all  of  the 
instruments  automatically  assume  their  normal  position,  after 
the  track  relay  is  energized. 

197.  Interrupting  devices  may,  of  course,  be  employed  with 
alarms  operated  by  track  instruments,  although,  as  the  oper- 
ation of  the  stopper  breaks  the  bell  circuit  when  the  first  pair 
of  wheels  reaches  it,  additional  apparatus,  as  shown  in  Pigs. 
73-76,  is  unnecessary. 

When  it  is  desired  to  use  stopping  and  starting  keys  they 
may  be  cut  in,  the  same  as  additional  track  instruments  would 
be;  for  instance,  in  Pig.  67,  the  stopping  key  would  be  nor- 
mally open  and  arranged  in  multiple  with  the  stopper  as  shown 
for  the  west-bound  track  at  A,  while  the  starting  key  would 
be  normally  closed  and  connected  in  series  with  the  starter  as 
shown  at  B. 

Similar  stopping  and  starting  keys  maj'  also  be  arranged 
with  the  tripping  circuits  shown  in  Pig.  64. 

198.  Where  interrupting  devices  are  installed,  care  should 
be  taken  to  so  arrange  them,  that  if  the  alarm  is  interrupted 
for  one  track,  its  operation  for  the  other  track  will  not  be 
interfered  with. 

On  double  track,  where  there  is  considerable  traffic  in  both 
directions  on  each  track,  the  circuits  for  single  track  arrange- 
meats  are  sometimes  employed  on  each  track,  so  that  the  alarm 
will  operate  when  trains  approach  the  crossing  from  either 
direction. 

199.  Annunciators:  When  it  is  desired  to  operate  an  an- 
nunciator (bell  or  buzzer)  to  warn  the  flagman  at  highway 
crossings  of  the  approach  of  trains,  the  arrangement  illustrated 
in  Fig.  84,  is  sometimes  employed. 

Short  track  circuits  (long  enough  so  as  not  to  allow  cars  to 
span   them,   which   would  cause  intermittent  ringing)    are  in- 
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stalled  at  a  certain  distance  from  the  crossing.  When  either 
of  these  circuits  are  occupied,  the  relay  is  closed,  consequently 
ringing  the  bell  at  the  cabin. 


Fis.  84 

» 

200.  In  some  instances  single  rail  track  circuits  are  used, 
insulated  joints  A,  B,  C  and  D  being  omitted,  and  in  some 
cases  the  upper  line  wire  also  is  omitted,  the  common  rail  of 
each  track  being  bonded  and  connected  to  the  battery  as  shown 
dotted. 

201.  The  knife  switch  is  provided  in  order  to  cut  out  the 
bell,  if  it  gets  out  of  order  and  rings  continuously. 


202.  The  arrangement  shown  in  Fig.  84,  or  its  variations, 
may  be  used  where  the  ringing  points  are  not  more  than  1,000 
or  1,200  ft.  from  the  crossing,  but  for  greater  distances  the 
resistance  of  the  line  would  usually  interfere  with  the  oper- 
ation of  the  relay,  as  the  voltage  employed  is  necessarily  low 
on  account  of  the  circuit  being  connected  to  the  track,  and 
therefore  separate  track  circuits  are  provided,  the  arrange- 
ment illustrated  in  Pig.  85,  being  one  method  employed. 

203.  The  track  circuits  are  often  arranged  normally  open 
as  shown,  but  in  some  cases  normally  closed  track  circuits  are 
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employed  using  the  back  instead  of  the  front  contact  of  the 
relay,  which  is  of  course,  a  safer  arrangement. 


Fis.  80 

204.  On  account  of  the  resistance  of  the  line  wires  it  is 
considered  desirable,  in  some  instances,  especially  when  a  high 
resistance  bell  is  not  obtainable,  to  use  a  line  relay  as  shown 

ih 
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in  Fig.  86.  This  illustration  shows  the  use  of  normally  closed 
track  circuits,  as  mentioned  in  Art.  203.  Separate  batteries 
are  sometimes  provided  where  the  bell  requires  a  higher  voltage 
than  the  line  circuit. 


205.  In  the  arrangements  shown  in  Figs.  84-86,  the  liu^ 
circuits  are  normally  open  and  on  that  account  are  sometimes 
considered  undesirable,  due  to  the  probability  of  their  failing 
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to  give  warning  of  the  approach  of  a  train,  in  ease  of  the  in- 
terruption of  these  circuits. 

The  arrangement  illustrated  in  Fig.  87,  overcomes  this  ob- 
jection as  it  employs  a  normally  closed  line  circuit. 


Fiff.  87 

206.    Separate  annunciators  are  provided,  in  some  cases,  for 
each  track,  one  method  of  arranging  the  circuits,  Fig.  88,  being 

a  modification  of  those  shown  in 
Fig.  87.  In  this  connection  it  should 
be  noted  that  the  circuits  shown  in 
Figs.  84-86,  may  be  modified  in  a 
similar  manner.  In  such  instances, 
it  is  customary  to  provide  for  each 
track,  annunciators  which  emit  dif- 
f  erent  sounds,  such  as  bells 

rim-  88  """""""""    *^^d    buzzers,   or    bells    of 

distinctly  different  tones,  locating  them  in  different  parts  of 
the  cabin. 


207.  In  Figs.  87-88,  it  is  evident  that  crossed  line  wires 
would  tend  to  prevent  the  bell  from  announcing  the  approach 
of  a  train.  This  may  be  avoided  by  placing  the  line  battery 
at  the  track  relay,  as  in  Figs.  89-90,  in  which  case  two  line  re- 
lays, one  for  each  track,  will  be  required,  whether  two  bells  or 
only  one  are  employed. 
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If  two  bells  are  used,  their  connections  will  of  course,  be 
similar  to  those  shown  in  Fig.  88,  but  if  only  one  bell  is  to  be 
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operated,  the  back  contacts  of  the  two  line  relays  will  be  con- 
nected in  multiple. 

208.  When  two  or  more  crossings  are  located  clpse  to  each 
other,  and  it  is  desired  to  operate  annunciators  at  each,  they 
are  frequently  controDed  by  the  same  track  circuit,  as  illustrated 
in  Fig.  89,  which  is  an  application  of  the  arrangement  just 
described. 


209.  Any  of  the  arrangements  illustrated  in  Figs.  84-88, 
or  their  variations,  may  be  operated  by  track  instruments, 
although  when  so  controlled  they  usually  operate  intermittently 
as  the  train  is  passing  the  instrument. 

210.  Annunciators  are  frequently  arranged  to  ring  contin- 
uously from  the  time  the  train  passes  the  starting  point,  until 
it  reaches  the  crossing.  For  this  purpose  any  of  the  methods 
described  for  operating  regular  crossing  alarms  may  be  employed. 

211.  As  annunciators  are  not  intended  to  warn  the  public  at 
the  highway  of  the  approach  of  a  train,  but  simply  to  indicate 
this  fact  to  the  flagmen,  it  is  not  necessary  to  keep  the  length 
of  track  over  which  they  operate  as  closely  defined  as  with  the 
regular  alarms,  and  therefore  many  of  the  complications  en- 
countered  where  there   are   two  or  more  crossings,   or  where 
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other  apparatus  is  eontrolled  over  the  same  length  of  track, 
are  usually  avoided.-  For  instance,  with  the  arrangement  shown 
in  Fig.  90,  both  track  relays  control  other  signal   apparatus, 


and  in  addition,  the  annunciator  is  operated  by  rel^  A,  relay 
B  being  located  too  near  to  the  crossing  to  control  it.  If  relay 
A  is  somewhat  farther  away  than  necessary,  it  is  not  usually 
considered  desirable  to  install  a  cut  section  between  these  two 
points,  as  would  probably  be  done  in  the  case  of  a  regular 
crossing  alarm.  It  will  also  be  noted  that  the  annunciator 
stops  operating  when  the  rear  end  of  the  train  passes  point  X, 
further  announcement  being  considered  unnecessary. 

212.  If  desired,  interrupting  keys  may  be  installed  with 
any  of  the  annunciator  arrangements,  to  enable  the  flagman 
to  stop  the  annunciator  after  it  has  been  started  by  a  train 
on  one  track,  in  order  that  it  may  again  start  if  a  train  should 
approach  on  the  other  track,  or  that  he  may  hear  another  an- 
nunciator (if  two  or  more  are  used)  when  it  operates. 

213.  In  some  eases,  instead  of  the  ordinary  relays  which 
control  the  bell  circuits,  indicators  are  used,  one  for  each  track. 
These  instruments  are  made  similar  to  a  relay,  but  the  armature 
in  addition  to  operating  (contacts,  also  operate  a  movable  part, 
generally  a  colored  disk  or  an  arm,  thiis  giving  an  indication 
of  the  action  of  the  relay  and  consequently  an  indication  of  the 
position  of  a  train. •  Of  course,  where  indicators  are  used 
both  I'isjiul  and  audible  indications  are  given.    Another  advan- 

•VarlouB  types  ot  indicmlars  will  be  deHorlbed  In  detail  later. 
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tage  of  the  use  of  indicators,  is  that  if  the  bell  circuit  fails, 
the  indicator  will  continue  to  give  warning. 

214.    Gate  Signals:    An  arrangement  of  circuits  for  operat- 
ing the  gate  signals  mentioned  in  Art.  4,  is  illustrated  in  Fig.  91. 


® 


® 
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Circuit  controller  A  is  operated  by  the  gates,  the  arrangement 
being  such^that  when  the  controller  is  closed,  the  gates  are  in 
a  position  to  prevent  access  from  the  highway  to  the  tracks. 
When  a  train  is  approaching,  the  flagman  closes  the  gates  and 
then  closes  and  holds  the  spring  key  until  the  train  has  passed 
the  crossing,  thus  completing  the  circuit  for  the  signals,* 
causing  them  to  assume  a  position  indicating  ''proceed''. 

In  some  instances  circuit  controller  A  is  omitted,  the  spring 
key  being  located  on  the  gate  in  such  a  manner  that  the 
flagman  cannot  reach  it  imtil  the  gates  are  closed. 

216.  Where  two  crossings  are  located  close  together,  one 
signal  may  be  used  to  control  movements  over  hoth  crossings, 
the  circuit  controlling  the  signal  being  broken  in  series  through 
the  circuit  controllers  on  both  gates,  thus  insuring  that  they  are 
closed,  before  the  signal  can  be  operated  to  indicate  **  proceed*'. 


216.    At  some  points  the  gates  and  signals  are  controlled  hy 
levers  in  an  interlocking  machine.     The  common  arrangement 


*  Described  in  Power  Operated  Siirnalii. 
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is  such  that  when  the  levers  are  in  the  normdl  position  the 
signals  indicate  stop  and  the  gates  close  the  highway.  If  the 
signals  are  cleared  the  position  of  the  levers  cannot  be  changed, 
that  is,  the  gates  must  continue  to  block  the  highway  and  in- 
versely, if  the  position  of  the  gates  is  changed,  the  signals 
cannot  be  cleared;  in  other  words,  the  signal  levers  lock  the 
gate  levers  normal. 
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EXAMINATION  QUESTIONS 

(1)  State  the  purpose  of  highway  crossing  alarms. 

(2)  Under  what  conditions  are  buzzers  employed? 

(3)  What  is  the  most  common  type  of  automatic  alarm 
used  at  highway  crossings! 

(4)  What  name  is  generally  applied  to  short  track  circuits 
which  operate  crossing  alarms? 

(5)  Describe   briefly   the   operation   of  track  instruments. 

(6)  How  far  above  the  ground  is  it  customary  to  mount 
alarm  bells? 

(7)  To    what    is    the    term    ''nigger    head"    frequently 
applied  ? 

(8)  Are  the  circuits  controlled  by  the   device   shown  in 
Fig.  29,  carried  to  contacts  4  and  6,  or  25 — 27? 

(9)  When  is  it  desirable  to  employ  high  voltage  appa- 
ratus in  crossing  alarm  installations? 

(10)  Why  is  it  sometimes  desirable  to  omit  fuses  from 
lightning  arresters   placed   in   line   circuits? 

(11)  What  voltage  is  generally  employed  in  the  alarm 
circuit  ? 

(12)  (a)  At  what  distance  from  the  crossing  is  it  cus- 
tomary to  have  an  approaching  train  start  the  alarm  operat- 
ing?   (h)    What   governs   this   distance? 
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(13)  If  two  crossings  are  located  900  ft.  apart,  is  it  gen- 
erally considered  desirable  to  start  both  alarms  at  the  same 
time  ? 

(14)  (a)  What  is  a  common  wire?  (b)  How  are  they 
indicated  on  drawings! 

(15)  Why  are  relays  sometimes  woimd  to  a  high  resistance, 
such  as  500  ohms? 

(16)  Why  is  it  desirable  to  test  alarms  frequently? 

(17)  Why  is  it  not  always  desirable  to  employ  back  con- 
tact shunts? 

(18)  (o)  What  is  a  stick  relay?  (6)  What  is  a  stick 
circuit  ? 

(19)  Which  are  generally  the  most  desirable,  normally  closed 
or  normally  open  line  circuits? 

(20)  What  trouble  may  be  caused  by  an  overloaded  common 
wire? 

(21)  Why  is  it  good  practice  to  locate  the  instrument  at 
one  end  of  the  line  and  the  battery  supplying  current  to  it,  at 
the  other  end,  in  normally  closed  circuits? 

(22)  (a)    What  is  a  ''starter''?    (6)    A  ''stopper''? 

(23)  For  what  purpose  are  interrupting  devices  employed? 

(24)  (a)  What  would  be  the  result  of  crossed  line  wires 
east  of  the  crossing,  with  the  arrangement  shown  in  Fig.  65? 
(&)    What  with  the  arrangement  shown  in  Fig.  66? 

(25)  How  would  a  broken  line  wire  affect  the  arrangements 
shown  in  Figs.  65-66? 
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(26)  With  the  arrangement  shown  in  Pig.  74,  does  the 
alarm  stop  when  the  head  or  the  rear  of  the  train  passes 
the  crossing? 

(27)  What  dangerous  effect  would  result  from  a  break  in 
wire  3,  Pig.  40? 

(28)  What  would  be  the  probable  effect  of  a  cross  in  the 
line  circuit,  sketch  B,  Pig.  43? 

(29)  What  effect  would  a  train  moving  against  traflSc  have 
upon  the  alarms  shown  in  Pig.  43? 

(30)  What  effect  upon  the  time  circuit  breaker.  Pig.  69, 
would  be  produced  by  a  cross  in  the  line? 
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217.  Track  Oircuit  Oontrol:  When  crossing  alarms  are  in- 
stalled on  single  track,  it  is  necessary  to  provide  an  arrange- 
ment which  will  cause  the  alarm  to  operate  when  trains  approach 
the  crossing  from  either  direction,  and  also  to  so  arrange  the 
apparatus  that  when  a  train  passes  the  crossing  the  alarm 
will  cease  to  operate.  For  instance,  in  Fig.  92,  a  train  moving 
from  west  to  e<ist  should  operate  the  alarm  while  on  track 
circuit  A,  but  not  while  on  track  circuit  B,  and  inversely,  a 
train  moving  from  east  to  west  should  operate  the  alarm  while 
on  circuit  B,  but  not  while  on  circuit  A. 

218.  The  foregoing  is  accomplished  by  the  use  of  an  in- 
terlocking relay  as  shown  in  the  illustration. 


West 


FlK.  92 


When  a  train  approaches  from  the  west  it  shunts  coil  A, 
releasing  its  armature  and  closing  the  bell  circuit  through  the 
back  contact  on  that  side  of  the  relay.  When  the  train  passes 
the  crossing  onto  circuit  B,  it  shunts  coil  B,  releasing  its  arm- 
ature, which  is  prevented  from  closing  its  back  contact,  by 
means  of  the  interlocking  feature.*  As  the  rear  end  of  the 
train  passes  off  circuit  A,  coil  A  is  energized,  thus  attracting 
its  armature  and  opening  the  bell  circuit.  When  the  train 
passes  off  track  circuit  B,  the  relay  is  restored  to  its  normal 
position. 


*It  Is  desirable  to  review  that  portion  of  D.  C.  Relays  which  treats  of 
the  interlock insT  type. 
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Of  course,  it  is  understood  that  the  operation  of  the  relay  is 
reversed  for  a  train  moving  in  the  opposite  direction. 

219.  If  before  an  east-bound  train  leaves  circuit  B,  a  follow- 
ing train  should  enter  upon  circuit  A,  the  back  contact 
controlled  by  coil  A,  would  of  course,  again  cause  the  bell 
to  ring. 

220.  It  will  be  observed  that  test  keys  may  be  employed 
in  a  similar  manner  to  that  described  for  double  track  arrange- 
ments, which  is  generally  true  of  other  arrangements  here- 
after shown.  However,  unless  the  keys  are  operated  by  a 
person  who  is  familiar  with  the  action  of  the  interlocking 
relay,  the  condition  of  the  interlocking  feature  will  not  be 
ascertained. 

The  dangerous  condition  referred  to  in  Art.  99,  i*egarding 
the  use  of  series  testing  keys,  will  be  evident  from  a  study  of 
Fig.  92.  If  such  a  key  were  used  as  shown  dotted  with  coil 
B,  and  resistance  should  develop  between  its  contacts,  this 
coil  might  not  pick  up  its  armature  after  an  east-bound  train 
had  passed  off  circuit  B,  and  consequently  the  next  west-bound 
train  would  fail  to  operate  the  alarm  until  it  had  passed  the 
crossing  onto  circuit  A. 

221.  If  after  an  east-bound  train  had  passed  the  crossing  but 
not  off  circuit  B,  it  should  stop  and  back  over  the  crossing,  the 
alarm  of  course,  would  not  operate  while  the  train  is  on 
circuit  B,  but  would  again  do  so  when  it  passed  onto 
circuit   A. 

This  same  condition  would  be  produced  if  a  west-bound  train 
passed  onto  circuit  B,  from  the  siding,  before  an  east-bound 
train  had  passed  off  this  circuit.  Although  the  bell  would 
not  ring  while  this  train  was  approaching  the  crossing,  its 
rate  of  speed  would  usually  be  low  and  generally  not  considered 
dangerous.  However,  it  is  sometimes  deemed  advisable  to  pro- 
vide an  arrangement  to  overcome  this  condition  and  also  to 
avoid  the  unnecessary  ringing  of  the  bell  after  the  west-bound 
train  has  passed  the  crossing. 
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222.  A  method  of  accomplishing  this  is  iUustrated  in  Fig. 
93.    As  wiU  be  seen,  it  is  an  application  of  the  switch  box  ar- 
rangement described 
in    connection    with 
Fig.  76.     The  revers- 
ing of  the  switch  to  allow 

B  the  train  to  proceed  from 
the  siding  to  the  main,  closes  the 
rim.  98  circuit  for  battery  C,  thereby  ener- 
gizing coil  B  and  consequently  causing  the  relay  to  assume 
its  normal  position,  ready  to  operate  for  this  train. 

This  arrangement  may  be  used  to  advantage  at  switches 
facing  in  either  direction,  as  it  often  happens,  in  cases  where 
the  switch  faces  away  from  the  crossing,  that  a  train  will  pull 
out  of  the  turnout  close  behind  another  train  and  then  back 
over  the  crossing. 

223.  Another  arrangement.  Fig.  94,  which  is  employed  at 
switches  that  face  away  from  the  crossing,  is  desirable  for  use 
when  the  switch  is  at  the  end  of  a  passing  siding  where  trains 
coming  from  the  siding  frequently  continue  away  from  the 
crossing.  If  such  a  move  were  to  be  made  with  a  switch  wired 
as  shown  in  Fig.  93,  it  is  evident  that  a  false  alarm  would 
be  given  after  the  switch  had  been  thrown  to  its  normal 
position. 

224.  This  condition  is  avoided  by  employing  an  additional 
interlocking  relay  D — E,  at  the  switch,  as  shown  in  Fig.  94. 
Magnet  E,  whose 
front  contacts  are  so 
arranged  that  they 
toUl  not  open  if  the 
magnet  is  de-ener- 
gized when  the  arm- 
ature is  locked,  con- 
trols  circuit   F,    as   if     ^^      rrrrrrrrrr     pig,  94 

it  were  an  ordinary  relayed  track  circuit.  If  when  circuit  E 
is  unoccupied,  magnet  D  is  de-energized  by  opening  the  switch^ 
its  armature  locks  that  of  magnet  E.     Thus  the  alarm  is  kept 
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from  operating  with  the  train  on  circuit  E,  after  the  Bwit«h 
is  thrown  to  its  normal  position.  If  the  train  instead  of  proceed- 
ing eastward,  should  move  westward  after  closing  the  awitcb, 
it  would  shunt  circuit  F,  and  thus  give  a  proper  alarm  at 
the  crossing. 

225.  It  will  be  observed  that  in  case  batter>-  G  fails  or  an; 
part  of  its  circuit  becomes  broken,  the  alarm  for  a  west-bound 
train  would  be  shortened,  that  is,  it  would  commence  to  operate 
only  when  circuit  F  was  shunted.  This  may  be  considered  an 
objection,  especially  when  the  switch  is  close  to  the  crossing- 

226.  If  it  is  not  desired  to  employ  a  switch  box,  magnet 
D  may  be  controlled  by  a  short  track  circuit,  occupying  the 

"nary  fouling  section,  as 
In  this  instance  insu- 
lated switch   rods  are 
~  used  instead  of  the  cut- 
"out  aroond  the  switch 
Ibis  is  desirable  in  order 
1  a  dead  section  at  the 
which    if   of   sufQcient 
o  contain  a  light  engine 
Vis-  w  leaving  the  aiding,  would  allow 

coil  D  to  attract  its  armature,  before  coil  E  was  de-energized, 
resulting  in  a  false  alarm,  if  the  engine  should  continue  moving 
eastward. 

It  should  be  noted  that  with  the  interlocking  relay  connected 
as  shown,  the  back  contact  shimt  is  not  provided  on  the  relayed 
track  circuit. 

227.  Alarms  are  sometimes  operated  at  crossings  on  two 
tracks  which  join  at  a  switch  within  the  limits  of  the  track 
section  over  which  the  alarms  are  controlled.  Such  an  arrange- 
ment is  shown  in  Fig.  96,**  this  being  a  development  of  the 
circuits  shown  in  Fig.  95.  In  this  ease  the  short  track  circuit 
at  the  switch  is  arranged  so  that  it  will  be  shunted  by  a  train 
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on  either  track.    The  interlocking  relay  at  the  switch  is  so  ad- 
justed that  the  front  contacts  operated  by  coil  A  wiU  remain 

closed  if  its  armature  is  the  last 

^L     to   release,  thus   preyenting   an 

.1      east-bound  train  on  either  track 

from  giying  a  false  alarm  at  the 
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crossing  cm  the  other  track  when  the  train  shunts  circuit  A. 
This  interrupting  circuit  should  be  made  as  short  as  possible 
so  as  not  to  interrupt  a  continuous  alarm  for  a  west-bound 
train,  as  apparently  would  be  the  case  if  these  circuits  were 
long  enough  to  contain  an  entire  train. 

228.  A  method  of  operating  a  crossing  alarm  for  single 
track,  without  the  use  of  an  interlocking  relay,  is  shown  in 
Fig.  97.  In  this  case  a  short  normally  open  track  circuit  (one 
or  two  rail  lengths)  is  arranged  at  the  crossing,  being  employed 
to  operate  a  stick  relay. 
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229.  Assuming  that  a  train  is  traveling  eastward  toward 
the  crossing,  it  will  first  de-energize  relay  A,  completing  the 
bell  circuit  through  its  lower  back  contact  and  through  the 
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back  contact  on  relay  B.  When  the  train  reaches  circuit  B, 
relay  B  is  energized,  thus  breaking  the  bell  circuit.  After  the 
rear  end  of  the  train  clears  circuit  A,  relay  A  picks  up  its 
armature  and  closes  a  stick  circuit  for  relay  B,  through  its 
front  contact  and  through  a  back  contact  on  relay  C,  which  is 
now  de-energized  by  the  forward  end  of  the  train.  The  train 
passing  off  circuit  B  does  not  affect  the  position  of  relay  B, 
as  it  remains  energized  due  to  the  stick  circuit  just  mentioned. 
As  the  train  proceeds  and  leaves  circuit  C,  relay  C  picks  up, 
breaking  the  stick  circuit  and  restoring  all  relays  to  their 
normal  position.  The  operation  of  the  relays  for  a  train  mov- 
ing in  the  opposite  direction  is,  of  course,  reversed. 

« 

230.  If  while  an  east-bound  train  occupies  circuit  C,  thus 
keeping  relay  B  energized,  a  following  train  should  enter  cir- 
cuit A,  the  stick  circuit  would  be  broken  at  the  front  contact 
on  relay  A,  and  consequently  relay  B  would  be  de-energized 
and  the  bell  would  again  ring  until  this  train  reached  circuit 
B,  and  picked  up  its  relay. 

231.  Another  method  of  operating  a  single  track  alarm 
without  an  interlocking  relay,   is  illustrated  in   Fig.   98,  this 


Flff.  98 

being  a  development  of  the  cutting  out  principle  shown  in 
Figs.  77  and  79.  When  a  train  is  passing  from  one  track  cir- 
cuit to  the  other,  relay  A  is  energized  through  back  contacts  on 
both  track  relays,  thus  stopping  the  bell  and  completing  the 
stick  circuit.  Relay  A  remains  energized  until  the  train  passes 
off  the  track  circuits,  at  which  time,  both  track  relays  being 
energized,  the  stick  circuit  is  broken  and  relay  A  de-energized. 
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232.  This  method  is  not  as  safe,  in  the  case  of  a  following 
train,  as  that  shown  in  Fig.  97,  as  it  is  evident  that  if  trains 
occupy  both  track  circuits,  the  bell  will  fail  to  ring.  However, 
it  is  more  convenient,  as  it  may  be  substituted  for  an  inter- 
locking relay  without  altering  the  insulated  rail  joints  or  the 
rail  connections,  which  is  of  course,  a  valuable  feature  in  case 
of  emergency. 

233.  When  two  crossings  are  located  far  enough  apart  to 
provide  a  ringing  section  between  them,  the  arrangement  il- 


Fiff.  80 


lustrated  in  Pig.  99,  is  often  employed,  the  relay  of  track  cir- 
cuit A,  controlling  one  side  of  each  interlocking  relay. 

234.  It  should  be  noted  that  if  test  keys  are  to  be  used  with 
these  circuits,  it  will  be  necessary  to  provide  four  keys,  one  of 
the  keys  for  circuit  A,  being  used  at  the  relay  for  testing  the 
westerly  bell,  and  the  other  at  the  battery  for  testing  the 
easterly  bell. 

Care  should  be  exercised  when  testing  with  keys  thus  ar- 
ranged, because  when  either  key  is  operated  both  bells  ring 
and  therefore  traffic  at  one  crossing  is  liable  to  be  delayed 
while  the  bell  at  the  other  crossing  is  being  tested.  Another 
reason  for  exercising  care  is  the  likelihood  of  producing  a 
dangerous  condition ;  for  instance,  if  an  east-boimd  train  should 
enter  circuit  C,  just  after  the  key  at  crossing  Y  was  operated, 
the  bell  at  crossing  X  would  stop  ringing  as  soon  as  the  test 
key  was  released,  as  the  interlocking  feature  would  prevent  the 
back  contact  on  coils  C  from  closing.  The  bell  would  therefore 
remain  silent  until  the  train  shunted  circuit  A,  when  it  would 
ring  until  the  train  passed  off  this  circuit. 
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235.  If  there  were  another  crossing  at  point  Z,  the  arrange- 
ment controlled  by  track  circuit  A  may  be  repeated  for  circuit 
B,  in  fact  this  arrangement  may  be  repeated  any  number  of 
times.  This  also  is  true  of  modifications  of  these  circuits,  shown 
in  Figs.  100-105. 


til                     236.    In  case  only  one  contact  is  avail- 
J^L    t     I      able  on  relay  A,  the  arrangement  shown 
•=•  :=:    in  Pig.  100,  may  be  employed,  although 
, ,  it  is  not  as  efiicient,  as  a  break 

or  poor  connection  at  any  point 
in  the  line  circuit  would  caui^ 
a  failure  of  both  bells,  instead 
of  only  one. 


tixm" 


1  .: 
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237.  The  interlocking  relays  shown  in  Pigs.  99-100,  have 
the  same  resistance  in  each  of  the  coils;  that  is,  the  same 
relay  as  is  used  in  Pig.  92,  may  be  employed  in  these  cases. 
As  the  resistances  of  these  coils  are  quite  low,  it  is  generally 
desirable  to  use  gravity  batteries  on  the  line  circuits,  arrang- 
ing the  cells  in  multiple  or  multiple-series  as  shown,  to  pro- 
vide broken  jar  protection.  Of  course,  if  desired,  a  plain 
series  arrangement  may  be  used.* 

238.  By  altering  the  resistance  of  coils  B  and  D,  the  ar- 
rangement illustrated  in  Pig.  101,  may  be  used.  With  this 
scheme  the  two  coils 
are  wound  to  at  least 
500  ohms  resistance 
and  are  connected  in 
multiple,  being  fur- 
nished with  current 
from  one  of  the  bell 
batteries.  As  their 
resistance    is    much  f»k-  loi 

higher  than  that  of  the  line,  the  difference  in  the  current 
through  the  two  coils,  on  account  of  the  line  resistance,  is 
negligable. 


,:,:Hl|l|l|l|l|l|l|l|lN 


•Although  series  arrangrements  are  shown  hereafter  with  similar  line 
circuits,  multiple  arrangements  may  of  course,  be  employed. 


SINGLE  TRACK  ARRANGEMENTS 


89 


239.  In  some  instances,  coils  B  and  D  are  each  wound  to 
a  resistance  of  16  ohms,  and  to  equalize  the  current  through 
each  of  these  coils,  a  resistance,  equal  to  that  of  the  line,  is 
placed  in  series  with  coils  B. 


240.     If  the  return  for  current  from  coil  D  is  on  a  common 
wire  along  which  other  current  is  also  flowing,  a  break  in 

this  wire,  for  instance,  at  point  X,  Pig. 
102,  may  cause  current,  passing  from  E 
to   P,  to   follow   the   path    indicated   by 

the  arrows  and  thus 
falsely  energize  both 
coils  as  shown. 


To  avoid  such  an 
occurrence  an  addi- 
tional contact  may 
be  used  on  relay  A, 
the  controlling  wire 


HiHliHli|ihlil'M 
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to  coil  B,  being  carried  through  this  contact  as  shown  dotted, 
instead  of  to  the  upper  wire. 

Another  means  of  overcoming  this  condition  is  to  place 
coils  B  and  D  in  series,  winding  each  of  them  to  about  200 
ohms  resistance,  and  omitting  the  back  contact  shunt  on 
relay  A. 

241.  A  method  of  arranging  alarm  circuits  for  the  layout 
just  described,  which  avoids  the  use  of  wires  between  the  cross- 
ings, is  shown  in  Pig.  103.  -i 

.Hh  Y 


In  this  arrange- 
ment magnet  B  op- 
erates as  a  multiple 
clearing  relay,  being 
wound  to  a  higher 
resistance  than  mag- 
net D.  It  is  of 
course,  subject    to 


#^ 


m^ 


^ 
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the  possibilities  of  failure  on  account  of  a  broken  rail,  etc., 
as  described  in   D,  C.  Track    Circuits,  which  would  tend  to 
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shorten  the  alarm  given  at  crossing  X,  by  a  west-bound  train. 
and  a  test  key  at  this  crossing  would  not  detect  the  defective 
condition.  However  as  such  a  defect  in  the  track  circiiii 
would  tend  to  prevent  magnet  D  from  picking  up  and  thus 
cause  the  bell  at  crossing  Y  to  ring  continuously,  the  troubli- 
would  probably  soon  be  discovered. 

242.    Another  method  sometimes  employed  to  avoid  the  i^*- 
of  wires  between  the  crossings,  is  illustrated  in  Fig.  104.    The 


'PiK.    104 

battery  for  the  middle  track  circuit  is  connected  to  the  rails 
at  its  center,  feeding  both  ways  to  energize  magnets  B  and  D. 
which  are  of  equal  resistance.  With  this  arrangement  the 
possibility  of  failure  to  release,  on  account  of  a  broken  rail. 
etc.,  is  divided  evenly  between  the  two  magnets,  and  while  ono 
of  them  would,  in  such  cases,  probably  ring  continuously,  the 
other  would  at  least  indicate  the  presence  of  a  train  between  tli** 
battery  and  its  ovm  end  of  the  circuit. 

243.  The  circuits  described  in  connection  with  Figs.  99-104. 
are  for  use  with  interlo<fking  relays  having  but  one  contact  i>n 
each  side.  If  relays  with  more  contacts  are  obtainable,  th^^ 
arrangement  may  be  simplified  somewhat,  as  shown  in  Fig.  lO'^ 

^ ^    X  >Y 

£j  A^^^^  ±      I  r  t  a  _ — _    T  ri  r^ 
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It  will  be  observed  that  the  additional  contact  operated  by  coil 
B  of  one  interlocking  relay,  controls  coil  C  of  the  other 
relay. 

244.  This  arrangement  is  satisfactory  with  types  of  relays 
that  allow  their  front  contacts  to  close  when  the  armatures  are 
interlocked.  However,  with  types  in  which  the  armature  that 
drops  first  is  kept  from  closin-g  its  front  contact  when  the 
other  armature  is  down,  a  bad  condition  may  arise  if  a  train 
should  stop  and  back  up,  or  if  there  is  a  switch  in  one  of  the 
circuits;  for  example,  in  Fig.  105,  a  west-bound  train  would 
ring  both  bells  properly,  but  if  the  armature  of  coil  A  keeps 
that  of  coil  B  from  closing  its  front  contact,  coil  C  will  remain 
de-energized,  thus  keeping  that  relay  locked  until  the  train  has 
entirely  passed  off  circuit  A.  Therefore,  if  the  train  should 
stop  in  circuit  A,  and  back  over  both  crossings,  it  would 
not,  of  course,  ring  the  bell  at  crossing  X  until  it  reached 
circuit  B,  but  on  account  of  the  sp(*ed  which  it  could  develop, 
a  much  more  dangerous  condition  would  result  from  its  failure 
to  ring  the  bell  at  crossing  Y  until  it  reached  circuit  D.  It 
is  apparent  that  this  condition  may  also  be  caused  by  an 
east-bound  train  coming  out  of  the  siding  onto  circuit  A,  before 
the  west-bound  train  has  cleared  this  circuit,  although  this  may 
be  remedied  in  the  manner  shown  in  Figs.  93-95. 

246.  The  line  battery  shown  is  of  the  gravity  type  (coils  C 
and  D  being  of  equal  resistance)  but  if  desired,  current  from 
the  bell  battery  at  X  may  be  used  on  the  line  circuit  and  coil 
C  wound  to  a  suitable  resistance. 

246.  When  two  crossings,  located  close  together,  are  to  be 
protected  by  alarms  which  begin  to  operate  at  the  same  point 
and  each  stop  as  the  train  passes  it,  the  arrangement  illustrated 
in  Fig.  106  may  be  used,  when  the  interlocking  relays  have 
but  one  contact  on  each  side. 

In  this  and  similar  arrangements  the  wires  between  the 
crossings  are  shown  in  trunking  (Art.  101)  although  line 
wires  provided  with  lightning  arresters  may  of  course  be 
employed. 
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247.   Another  arrangement  which  accomplishes  the  same  re- 
sult but  uses  two  instead  of  four  batteries,  is  illustrated  in 


D^i|i|i|i|i|i|i|iH|J    D^i|i|i|i|i|i|i|^ 
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Fig.  107.    Resistances  A  and  B  are  used  to  equalize  the  flow 
of  current  in  the  two  branches  of  each  circuit,  as  explained 


FlflT.   107 

in  Art.  239,  although  in  many  cases  they  are  unnecessary,  on 
account  of  the  short  distance  between  the  crossings. 

This  arrangement  may  be  modified  by  employing  higher  re- 
sistance coils  in  the  interlocking  relays  and  using  the  bell  bat- 
teries in  a  manner  similar  to  that  explained  in  Art.  238. 
In  such  an  arrangement  resistances  A  and  B  are  of  course, 
unnecessary. 


248.    When  interlocking  relays  provided  with  additional  con- 
tacts are  used  at  locations  such  as  are  shown  in  Figs.  106-107. 
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tiiLe  arrangement  illustrated  in  Fig.  108  is  used,  coils  A  and  B 
being  wound  to  a  high  resistance,  or  if  it  is  desired  to  use  a 
nniform  t 


the  coils,  gravity  bat- 
teries would  probably 
be^ised,  connected  as 
in  Pig.  99. 

249.  A  modifica- 
ition  of  this  arrange- 
I  ment,  in    which    one 

4r:i|i|i|i|i|i|i|i|  J «'"''"''"' """'"f' 

due  to  arranging  the 
track  battery  as  in  Pig,  104,  is  illustrated  in  Fig.  109.  Both 
bells  are,  in  this  instance,  operated  by  the  same  battery  and 
a  break  in  any  of  the  wires  would  result  in  stopping  one  of 
the  bells.  Therefore  if  >  > 

line  wires  are  employ-         ill  I   .  ■* .li  1. 

ed.  requiring  light-        iKMl  U  iKMl 

ning   arresters,   fuses  -^  I   rxjT,—  I^U  _^1   C*<Jlj 

should  not  be  used,      r^     , 

Of  course,  if  desir-  ll 
ed,  the  middle  track 
circuit  may  be  arrinnged  as 
shown  in  Fig.  10:i. 


^ 


a. 


& 
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260.  Another  method  empl(^ed  to  cover  the  layout  shown 
in  Pig.  108,  is  illustrated  in  Fig.  110.  It  will  be  obscn-i'd  that 
the  middle  track  clr- 
'  cuit  is  controlled  by 
magnet  A,  while  the 
line  circuit  is  con- 
trolled by  magnets  B 
and  C. 

The  contact  fingers 

whieli    control    frock 

or  linr  circuits,  must 

be  arranged  as  follows :   The  upper  contact  operated  by  magnet 

B  must  open  whenever  the  armature  is  released ;  that  is,  whether 
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this  magnet  or  magnet  C  is  first  de-energized.  If  this  were  not 
so  arranged  magnet  D  would  pick  up  when  an  east-bound  train 
passed  off  circuit  C,  thus  stopping  the  bell  at  crossing  Y  too 
soon.  The  upper  contact  of  m^ignet  A  must  be  arranged  so 
that  it  will  not  open  its  front  contact  when  de-energized,  if 
magnet  D  is  first  -de-energized.  This  is  necessary  in  order  that 
an  east-bound  train  on  circuit  A,  will  not  prevent  the  energizing 
of  magnets  B  and  D,  thus  causing  the  bell  to  continue  ringing 
after  the  train  passed  the  crossing.  It  is  advisable  to  arrange 
the  front  contact  on  coil  C  so  that  it  will  close  when  energized, 
irrespective  of  the  position  of  the  armature  of  coil  B.  This  is 
desirable  on  account  of  reverse  movements,  as  explained  in 
Art.  244. 

Magnet  D  may,  of  course,  if  wound  to  the  proper  resistance, 
be  operated  by  the  bell  battery  at  crossing  X. 

261.  When  two  adjacent  crossings  are  to  be  protected  by 
alarms  starting  at  different  points,  the  arrangement  shown  in 
Fig.  Ill,  may  be  used.  An  east-bound  train  starts  the  beU  at 
crossing  X,  when  it  passes  point  A,  and  the  bell  at  crossing  Y, 
when  it  passes  point  B,  each  bell  stopping  as  the  rear  of  the 
train  passes  it. 

As  will  be  seen  the  circuits  may  be  arranged,  with  suitable 
modifications,  for  additional  crossings. 

262.  A  method  of  operating  crossing  alarms  at  three  ad- 
jacent crossings  far  enough  apart  to  provide  a  ringing  section 
between  them,  is  shown  in  Fig.  112.  This  arrangement  which 
employs  two  interlocking  relays,  may  be  used  instead  of  modifi- 
cations of  the  arrangements  shown  in  Figs.  99-105,  which  re- 
quire three  interlocking  relays. 

A  hone  point  is  attached  to  one  of  the  additional  springs  on 
each  of  the  interlocking  relays  which  is  used  to  prevent  the 
line  circuit,  that  controls  the  bell  at  crossing  Y,  from  closing 
for  an  out-going  train :  For  instance,  when  an  east-bound  train 
enters  circuit  A,  magnet  A  releases  its  armature,  causing  the 
bell  at  crossing  X,  to  ring;  as  the  train  passes  onto  circuit  B. 
the  armature  of  magnet  B  is  released  and  the  two  upper  contacts 
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on  magnets  A  and  B  dose  the  line  circuit,  thus  ringing  the  bell 
at  crossing  Y ;  as  the  train  enters  circuit  C,  the  alarm  at  cross- 
ing Z  starts  to  operate  and  as  the  rear  of  the  train  leaves  circuit 
B,  relay  A — ^B  is  restored  to  its  normal  position,  thus  opening 
the  line  circuit  and  stopping  the  alarm  at  crossing  Y ;  when  the 
train  passes  onto  circuit  D,  the  bone  point  on  the  upper  contact 
of  magnet  D,  drops  on  top  of  the  upper  contact  on  magnet  C, 
thus  preventing  the  closing  of  the  line  circuit  and  consequently 
the  improper  operation  of  the  alarm  at  crossing  Y. 

263.  It  will  be  observed  that  the  line  circuit  is  normally 
open;  this  objection,  however,  may  readily  be  overcome  by 
altering  the  arrangement  of  4;he  additional  contacts  so  that  they 
will  operate  normally  closed  and  control  a  relay  at  crossing  Y, 
which  .will  operate  the  bell  through  a  back  contact. 

264.  The  arrangement  shown  in  Fig.  112  may  be  somewhat 
objectionable  in  that  while  cleaning  or  adjusting  the  contacts 
which  control  the  line  circuit  and  consequently  the  bell  at  cross- 
ing Y,  the  maintainer  is  a  long  distance  from  this  crossing,  and 
frequently  being  unable  to  hear  the  bell  or  to  obtain  a  good 
view,  cannot  tell  whether  he  is  hindering  traffic  on  the  highway, 
while  he  is  working  upon  the  contacts.  In  addition,  test  keys 
cannot  be  arranged  at  crossing  Y. 

266.  An  arrangement  for  operating  overlapped  alarms  at 
three  adjacent  crossings,  is  illustrated  in  Fig.  113.  An  east- 
bound  train  starts  the  bells  at  crossings  X  and  Y,  when  it 
enters  circuit  A,  and  at  crossing  Z,  when  it  enters  circuit  B, 
each  bell  stopping  as  the  rear  of  the  train  passes  it. 

If  interlocking  relays  having  more  than  one  contact  on  each 
side  are  not  obtainable,  ordinary  relays  may  be  installed  on 
the  two  end  circuits,  in  a  manner  similar  to  that  explained  in 
connection  with  Figs.  106-107. 

266.  When  three  crossings  are  located  quite  close  together, 
it  is  sometimes  desirable  to  start  all  of  the  alarms  as  the  train 
enters  the  first  track  circuit.  Circuits  arranged  to  do  this,  are 
illustrated  in  Fig.  114. 
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When  a  train  enters  the  first  circuit,  one  side  of  each  in- 
terlocking relay  is  de-energized,  thus  ringing  all  bells. 

If  interlocking  relays  with  only  one  contact  on  each  side  are 
to  be  employed,  the  circuits  may  be  modified  as  explained  in 
connection  with  Pig.  113. 

It  will  be  noted  that  the  circuits  may  be  arranged  satisfac- 
torily if  track  relays  A  and  B,  are  placed  at  the  opposite  end 
of  the  circuits;  that  is,  if  these  circuits  are  arranged  to  feed 
away  from  the  middle  crossing,  instead  of  foulards  it,  as  shown. 

267.  Another  method  of  arranging  the  circuits  for  this  lay- 
out, which  may  be  considered  as  a  development  of  those  shown 
in  Fig.  110,  is  illustrated  in  Pig.  115. 

With  this  arrangement  the  front  contacts  which  control 
track  or  line  circuits,  must  be  so  adjusted  that  they  wDl 
twt  open  if,  when  released,  the  other  armature  in  the  same 
relay  is  down;  and  in  addition  the  contacts  operated  by  mag- 
nets A  and  B,  must  be  so  adjusted  that  they  will  not  dose  when 
these  magnets  are  energized,  if  the  armature  with  which  they 
interlock  is  down,  being  the  last  to  release,  while  those  operated 
by  C  and  D  must  close  under  like  conditions.  If  it  is  desired 
to  have  the  alarm  at  crossing  X  operate  for  a  train  which  has 
passed  over  the  crossings  and,  having  stopped  in  the  last  circuit, 
backs  over  crossing  X,  the  upper  contacts  operated  by  magnets 
E  and  P  must  be  adjusted  the  same  as  those  operated  by  C  and  D. 

268.  An  arrangement  of  circuits  for  the  layout  shown  in 
Figs.  114-115,  in  which  no  line  wires  are  used,  is  illustrated  in 
Fig.  116.  The  magnets  of  the  interlocking  relay  at  the  middle 
crossing  are  arranged  as  clearing  relays,  and  the  indication  of 
the  presence  of  a  train  is  relayed  from  one  track  circuit  to  the 
other  by  shunting. 

To  insure  that  the  bells  will  not  continue  to  ring  at  erodings 
after  the  rear  end  of  a  train  has  passed  them,  the  contacts  which 
shunt  the  track  circuits  must  be  arranged  the  same  as  the  con- 
tacts operating  the  bell  circuits,  that  is,  so  they  will  not  make 
contact  if  their  armature  releases  last. 

269.  When  signal  apparatus  foreign  to  the  alarms  is  to  be 
controlled  over  the  same  track,  it  is  customary  to  accomplish 
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the  circuit  for  relay  B,  which  when  energized  completes  its  stick 
circuit  through  its  front  contact  and  opens  the  stick  circuit  for 


West 


Eost 


Wjr- 

Stop 


Xi- 

Storter 
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relay  A,  at  its  back  contact.  When  the  train  deflects  starter  Y, 
relay  B  keeps  it  from  energizing  relay  A,  and  consequently  th(^ 
bell  does  not  ring.  The  deflection  of  stop  release  Z,  shunts  relay 
B,  causing  it  to  assume  its  nonnal  pasition. 

263.  The  necessity  for  having  the  starter  and  stop  release  a 
maximum  train  length  apart  is  apparent,  when  it  is  considered 
that  if  the  head  end  of  the  train  operates  the  stop  release  while 
the  rear  end  is  operating  the  starter,  relay  A  would  again  be 
(mergized  and  the  alarm  operated  indefinitely. 

The  resistance  of  relay  B  should  be  as  high  as  possible  so  that 
it  will  easily  be  shunted  when  the  stop  releases  are  operated. 

264.  The  arrangement  illustrated  in  Fig.  119,  is  somewhat 
objectionable,  in  that  a  failure  of  either  of  the  stiirting  or  stop 
releasing  circuits,  may  result  in  the  alann  failing  to  operate 
when  a  train  approaches  the  crossing. 

265.  An  arrangement  employing  normally  closed  instead  of 
normally  x)pen  line  circuits,  is  illustrated  in  Fig.  120.  The 
operation  for  an  east-bound  train  is  as  follows:  When  the  stop 
release  W  is  deflected,  it  momentarily  de-energizes  relay  C,  but 
this  has  no  effect  on  the  other  relays  or  the  bell,  as  it  simply 
breaks  the  circuit  of  relay  B,  which  is  already  de-energized. 
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When  the  train  operates  starter  X,  the  stick  circuit  for  relay  A 
is  broken  and  the  relay  de-energized,  thus  closing  the  bell  cir- 


FlK.   120 

cuit.  When  the  train  reaches  the  crossing  it  operates  the  stopper, 
closing  a  circuit  for  relay  H,  which  when  energized  clases  its 
stick  circuit  through  the  contact  on  relay  C.  As  relay  B  is  now 
energized,  a  circuit  for  relay  A  is  closed  through  its  two  lower 
contacts,  and  t;^erefore  this  relay  attracts  its  armature,  breaking 
the  bell  circuit  and  again  completing  its  stick  circuit  through 
the  starters.  When  the  train  deflects  starter  Y,  relay  A  will 
not  be  affected,  as  its  circuit  is  closed  through  contacts  on 
relay  B.  The  stop  release  Z,  being  deflected  by  the  train, 
momentarily  breaks  the  circuit  for  relay  C,  which  in  turn  breaks 
the  stick  circuit  for  relay  B,  thus  restoring  all  instruments  to 
their  normal  position. 


266.  In  cases  where  a  switch  occurs  between  the  starter  and 
the  crossing,  an  additiotml  stopper  may  be  installed  to  operate 
when  a  train  enters  the  siding,  in  a  manner  similar  to  that  em- 
ployed in  double  track  arrangements. 

A  train  entering  such  a  siding  after  passing  the  crossing, 
would  leave  relay  B,  Figs.  119-120,  energized,  but  as  another 
approaching  train  operates  a  stop  release  before  it  operates  a 
starter,  this  relay  would  be  restored  to  its  normal  position  be- 
fore it  could  interfere  with  the  proper  operation  of  the  alarm. 

The  additional  stopper  may,  however,  be  undesirable  at  meet- 
ing points,  where  it  would  be  operated  by  a  train  entering  the 
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siding  to  allow  another  train  to  pass,  after  the  latter  had  passed 
the  stop  release,  as  in  such  a  ease  the  alarm  would  fail  to  operate 
for  the  train  approaching  the  crossing. 

267.  Time  Circuit  OontroUeni:  An  arrangement  of  circuits 
for  operating  a  single  track  crossing  alarm,  is  illustrated  in 
Fig.  121.    As  will  he  observed,  this  is  a  development  of  Pig.  71. 


FlK.    121 

an  additional  starter  being  added,  so  that  the  time  circuit 
breaker  will  be  put  in  operation  by  a  train  approaching  from 
either  direction. 

The  time  circuit  breaker  is  so  adjusted  that  it  will  continu** 
to  operate  during  the  time  required  for  a  train  to  run  from  one 
starter  completely  past  the  other,  this  being  necessary  in  order 
that  the  starter  at  the  outgoing  end  will  not  cause  this  instrument 
to  go  through  a  second  operation  and  thus  give  a  false  alarm. 

Short  track  circuits  may  of  course,  be  substituted  for  the 
track  instruments. 

268.  Another  arrangement  for  using  the  time  circuit  breaker 
is  shown  in  Pig.  122,  in  which  short  track  circuits  are  employtHl, 
with  normally  de- energized  interlocking  relays  at  each  starting 
point.  Those  relays  are  provided  with  bone  points  which  allaw 
thein  to  close  the  line  circuit  for  a  train  apprt)aching  the  crossing 
but  not  for  a  train  leaving  it.  Thus  an  outgoing  train  is  pn*- 
vented  from  starting  the  time  circuit  breaker. 
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If  desired,  the  stick  relay  shown  in  Fig.  121,  operated  either 
by  a  track  instrument  or  short  track  circuit,  may  be  installed 


FlflT.  122 

in  connection  with  this  arrangement,  in  order  to  stop  the  alarm 
as  soon  as  the  train  reaches  the  crossing. 

269.  Interrupting  Devices:  It  will  be  observed  that  with 
the  arrangement  shown  in  Pig.  98,  the  alarm  is  stopped  as  soon 
as  the  first  pair  of  wheels  passes  the  joints  at  the  crossing,  after 
which  the  train  may  leave  cars  standing  on  either  or  both  sides 
of  it,  or  make  switching  movements  over  the  crossing  in  either 
direction,  without  again  ringing  the  bell,  unless  it  entirely  clears 
both  circuits. 


270.  A  method  of  applying  stopping  and  starting  keys  to 
this  arrangement,  is  illustrated  in  Fig.  123.  It  will  be  observed 
that  the  starting  key 
Y  can  be  used  to  start 
the  alarm  after  the 
train  has  stopped  it; 
for  instance,  if  a 
train  should  cut 
apart,  leaving  the 
rear  portion  on  the 
approaching    circuit, 

and    pass    over    the    H|l|l|l|l|l|l|l|l|l| 

crossing  to  do  switch-  vig.  i28 

ing,  etc.,  it  may  be  desirable  to  have  the  alarm  operate,  after  it 

has  again  coupled  up  and  is  approaching  the  crossing. 


J, 


1 
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This  key  will  also  break  the  stick  circuit  and  allow  the  alarm 
to  operate  for  a  following  train  that  may  have  entered  the  ap- 
proaching circuit  just  before  the  first  train  passed  out  of  the 
other  circuit,  it  being  necessary  to  operate  the  key  directly  after 
the  latter  train  has  passed  off  the  circuit. 


271.  If  it  is  desired  to  start  the  alarm  while  both  circuits  aiv 
occupied,  an  additional  stick  relay  and  key  are  installed,  being 

connected  as  shown 
in  Fig.  1 24.  In  this 
case  keys  X  and  Y 
perform  the  same 
function  as  the  two 
keys  in  Fig.  123. 
Stick  relay  B,  which 
closes  a  circuit  for 
the  bell  through  its 
lower  contact  is  op- 
erated bv  the  ad- 
ditional  key  Z.  and 
FiK.  124  completes    its   stick 

circuit  through  a  lower  contact  on  relay  A ;  therefore  when  there 
is  a  train  on  each  circuit  and  the  bell  is  not  operating,  due  to 
relay  A  being  energized,  it  is  started,  when  desired,  by  operating 
key  Z. 

As  relay  A  is  de-energized  whenever  key  Y  is  operated,  thus 
breaking  the  stick  circuit  for  relay  B,  it  is  evident  that  this 
key  will  act  as  a  stopper  if  both  track  circuits  are  occupied  and 
the  bell  ha.s  been  started  by  key  Z. 

If  the*  keys  are  at  such  a  distance  from  the  crossing  that  the 
bell  cannot  be  heard  plainly,  it  is  desirable,  especially'-  with  this 
arrangement  which  employs  two  starters,  to  install  a  small  bell 
or  buzzer  near  them,  as  shown. 

Of  course  if  desired,  relay  B  and  key  Z  may  be  installed  with- 
out keys  X  and  Y. 

272.  Another  arrangement  is  illustrated  in  Fig,  125,  which 
mav  be  used  under  circumstances  similar  to  those  described  in 
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Art.  269.    In  this  case,  the  bell  circuit  is  carried  through  front 
contacts  on  each  side  of  the  interlocking  relay,  these  contacts 


lilililiH 

being  connected  in  multiple,  and  arranged  to  open  whenever 
their  armature  is  released.  Thus  the  bell  circuit  is  broken  when 
both  magnets  are  de-energized. 

It  will  be  seen  that  an  east-bound  train  may  leave  part  of  its 
oars  on  circuit  A,  and  switch  or  do  other  work  on  circuit  B,  with- 
out ringing  the  bell,  but  when  it  returns  for  the  cars  on  A,  and 
passes  entirely  oflf  B,  the  alarm  will  again  operate,  thus  giving 
an  indication,  which  is  desirable  in  case  the  train  again  moves 
over  the  crossing.  With  the  arrangement  shown  in  Fig.  98,  the 
bell  remains  silent  under  like  conditions. 

With  both  of  the  arrangements,  a  following  train  will  be  pre- 
vented from  giving  an  alarm  while  the  first  train  is  in  the  out- 
going circuit,  but  with  the  arrangement  shown  in  Fig.  125,  the 
bell  will  again  start  when  the  rear  of  the  leading  train  dears 
this  circuit. 


273.  At  points  where  trains  are  required  to  stop  close  to  the 
crossing,  for  instance,  at  a  passenger  station  which  is  adjacent 
to  the  highway,  it  is  sometimes  desirable  to  automatically  stop 
the  alarm,  so  that  it  will  not  continue  to  ring  when  the  train 
is  standing  at  the  station.  An  arrangement  of  circuits  to  cover 
such  a  condition,  is  illustrated  in  Fig.  126.  As  will  be  seen, 
this  is  an  application 
of  Fig.  74,  and  may 
be  varied  as  shown 
in  Fig.  75. 

The  short  circuits 
are  made  only  long 
enough  to  avoid  their 
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being  spanned  by  a  ear,  for  if  spanned  the  alarm  would  again 
operate. 

This  arrangement  will  allow  the  alarm  to  operate  for  a  follow- 
ing train  as  soon  as  the  first  train  has  cleared  the  first  short 
track  circuit. 

274.  The  stick  relay  and  key  arrangements  illustrated  in  Figs. 
77-82,  also  the  time  circuit  breaker  arrangement  shown  in  Pig. 
83,  may  be  applied  to  single  track  alarm  circuits. 

When  convenient  it  is  usually  desirable  to  arrange  these  de- 
vices to  cut  out  the  alarm  for  trains  in  one  direction  only,  al- 
lowing it  to  operate  for  trains  in  the  opposite  direction  as  usual, 
although  in  some  instances,  where  trains  frequently  stand  on 
either  side  of  the  crossing,  it  may  be  more  satisfactory  for  the 
key  to  cut  out  the  bell  for  movements  in  both  directions. 

276.  Illustrations 
of  such  arrangements 
are  given  in  Figs. 
127-128,  which  show 
the  application  of 
stick  relays  and  keys 
to  the  circuits  shown 
FiK.  127  in  Pig.  92.     In  Fig. 

127,  these  devices  .are  arranged  to  operate  for  east-bound 
trains  only,  and  in  Pig.  128,  for  movements  in  both  direc- 
tions. Of  course,  in 
Pig.  127,  another 
stick  relay  and  its 
keys  could  be  installed 
to  operate  independ- 
ently for  west-bound 
trains,  which  would 
probably  be  desirable 
in  case  the  keys  were  fi^.  las 

located  at  a  distance  from  the  crossing;  that  is,  when,  as 
frequently  happens,  the  keys  for  east-bound  trains  are  placed 
west  of  the  crossing,  and  those  for  west-bound  trains,  east  of  it. 
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276.  In  case  a  low  resistance  stick  relay  is  used,  making  it 
undesirable  to  use  the  main  battery  to  operate  it,  additional  con- 
tacts on  the  interlocking  relay  should  be  provided.  Such  an 
arrangement,  which, 
it  will  be  observed,  is 
an  application  of  that 
shown  in  Pig.  78,  is  il- 
lustrated in  Fig.  129, 
this  arrangement  ac- 
complishing the  same 
results  as  that  shown 
in  Fig.  128. 

FtK.  129 

277.  If  it  is  desired  to  install  keys  with  the  circuits  shown  in 
Figr  97,  it  may  be  done  without  the  use  of  an  additional  relay,  in 

the  manner  shown  in  Fig.  130, 


key  X  being  used  to  stop  the 

alarm  and  key  Y  to  start  it. 

If  the  keys  are  near  the 

crossing  this  arrangement  will 

work    satisfactorily,    but    if    very    far 

away,  the    resistance    of    the    wires    is 

likely  to  interfere  as  the  voltage  on  the 

stick  relay  circuit  cannot  be  increased 

^  n   —  I      ^  ftoy  great  extent,  on  account  of  its 

g  H«|lh|l|l|l|l|l|l|H      connection  with  the  track. 

FlK.  130 

278.  Annunciators:  An  arrangement  of  annunciator  circuits 
for  single  track  is  illustrated  in  Fig.  131,  this  being  an  applica- 
tion of  the  circuits  shown  in  Fig.  85. 
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The  bell  A^all  ring  for  outgoing  trains  in  each  direction  but 
this  is  not  usually  considered  a  serious  objection.  .  However, 
if  it  is  desired  to  avoid  this,  the  arrangement  of  interlocking 
relays  shown  in  Fig.  122,  may  be  employed. 

Any  of  the  annunciator  circuits  described  for  double  track,, 
may  be  applied  in  a  similar  manner. 
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EXABUNATION  QUESTIONS 


(1)  Describe  the  operation  of  the  interlocking  relay  in  Fig. 
92,  for  a  west-bound  train,  stating  the  effect  produced  on  the 
bell. 

(2)  If  a  west-bound  train  enters  circuit  B,  Fig.  92,  while 
an  east-bound  train,  which  is  moving  into  the  siding  to  allow 
the  former  train  to  pass,  still  shunts  this  circuit,  what  dangerous 
condition  would  result  1 

(3)  What  would  be  the  probable  effect,  if  exceptionally  high 
resistance  developed  in  the  back  contact  of  coil  A,  Fig.  92  ? 

(4)  What  would  be  the  result  of  a  failure  of  battery  C, 
Fig.  93? 

(5)  If  an  east-bound  train  on  the  main  line.  Fig.  96,  moves 
onto  circuit  A  and  then  backs  over  the  branch,  when  will  the 
alarm  at  crossing  Y  commence  to  operate  ? 

(6)  What  would  be  the  effect  of  a  failure  of  the  battery  for 
relay  B,  Fig.  97 1 

(7)  In  Fig.  98,  what  would  be  the  effect,  if  the  wire  leading 
from  the  front  contact  of  relay  A,  became  disconnected? 

(8)  (a)  If  coil  D,  Fig.  99,  is  wound  to  a  resistance  of  9  ohms 
and  the  wiring  between  the  coil  and  the  battery  has  a  resistance 
of  3  ohms,  what  will  be  the  voltage  of  the  battery,  if  the  operating 
voltage  of  this  coil  is  0.8  volt  and  5  per  cent,  above  the  working 
voltage  of  the  circuit,  is  allowed  to  cover  contact  resistance,  etc.  ? 
A  multiple  arrangement  of  gravity  battery  is  to  be  used  in  which 
it  is  assumed  that  each  cell  will  have  an  internal  resistance  of  3 
ohms  and  an  effective  E.  M.  F.  of  1  volt,    (b)    How  much  does 
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the  voltage  supplied  exceed  that  actually  required,  plus  the  5 
per  cent,  margin  t 

(9)  (a)  What  portion  of  the  wiring  shown  by  heavy  lines 
in  Fig.  98,  is  actually  a  common  wire?  (6)  What  portion  in 
Fig.  106  ? 

(10)  If  a  west-bound  train,  after  passing  over  crossings  Z 
and  Y,  onto  circuit  B,  Fig.  113,  should  back  over  these  crossings, 
would  the  alarm  for  crossing  Z  operate  before  the  train  reached 
this  crossing  ? 

(11)  At  what  point  would  the  common  wire  have  to  break  in 
Fig.  113,  to  cause  the  alarms  at  all  the  crossings,  to  operate  con- 
tinuously ? 

(12)  What  would  be  the  effect  of  a  west-bound  train  operat- 
ing stop  release  W,  Fig.  119,  before  passing  off  starter  X? 

(13)  If  an  east-boimd  train  passed  over  track  instruments 
W  and  X,  Fig.  119,  but  instead  of  proceeding  over  the  crossing, 
backs  over  these  instruments,  what  would  be  the  result  ? 

(14)  In  Fig.  120,  what  would  be  the  result  of  a  break  in  the 
wire  leading  to  a  stop  release  ? 

(15)  In  Fig.  120,  describe  the  operation  of  the  alarm  for  an 
east-bound  train  assuming  that  the  line  wire  to  starter  X  is 
broken. 


INSTALLATION  and  MAINTENANCE 


BELL   POSTS   AND   SIGNS 

279.  Location:  The  location  of  bell  posts  is  determined 
largely  by  local  conditions.  The  post  should  be  set  as  close 
to  the  track  as  practicable,  in  order  that  the  bell  may  easily 
be  heard  on  both  sides  of  it.  A  minimum  clearance  of  7  ft. 
from  the  nearest  rail  is  usually  allowed. 

280.  If  the  highway  is  at  right  angles,  or  nearly  so,  to  the 
track,  either  of  the  corners  generally  provide  a  satisfactory 
location.  If,  however,  the  highway  crosses  the  track  at  an 
oblique  angle,  it  is  usually  best  to  place  the  post  in  one  of  the 
obtuse  angles,  so  that  it  will  be  as  near  the  center  of  the  cross- 
ing as  possible. 

281.  When  two  bells  are  provided  as  mentioned  in  Art.  94, 
thoy  would  ordinarily  be  placed  in  opposite  comers  of  the  cross- 
ing, being  located  in  the  acute  angles,  where  the  highway 
crosses  the  track  obliquely. 

282.  The  grade  of  the  highway  sometimes  determines  the 
location  of  the  post,  it  being  considered  desirable  to  place 
it  on  the  up-hill  side  of  the  track,  in  order  to  favor  down-hill 
traffic. 

If  there  is  a  siding  on  one  side  of  the  main  track,  it  is  usually 
considered  desirable  to  locate  the  bell  next  to  the  latter. 

The  location  of  the  battery  house  (when  used)  or  the  pole 
line  on  which  the  signal  wires  are  run,  will  sometimes  be- 
come a  governing  factor,  the  alarm  being  placed  on  the  same 
side  of  the  track  as  the  pole  line,  in  order  to  avoid  carrying 
line  circuits  across  it. 

When  there  is  a  battery  shelter  at  the  foot  of  the  bell  post, 
a  good  location  for  it,  may  govern  to  some  extent,  the  placing 
of  the  post. 
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283.  If  there  is  a  sidewalk  on  the  highway,  it  is  eufitesiary 
to  set  the  post  between  the  walk  and  the  curb,  but  if  not,  it 
should  be  set  near  the  driveway. 

284.  The  bell  is  often  mounted  on  the  regular  si^n  post 
mentioned  in  Art.  2,  and  occasionally  on  buildings  or  other 
structures,  when  conveniently  situated. 

285.  Preparing  and  Betting  the  Posts:  When  bell  posts  artf 
made  of  iron,  or  of  wood,  and  are  fitted  with  a  sign,  they  an* 

usually  received  ready  to  install,  but  If 
simply  a  wooden  post  without  a  si^n  i-s 
employed,  it  must  often  be  prepared  on 
the    ground,    as    thej'    are    frequently 
rough  when  received.     One  method  of 
finishing  an  18  ft.  post  is  illustrated  in 
Pig.    132,    sketch   A   showing   the    ar- 
rangement of  the  top  of  the  post  when 
the  electric  lamp.  Pig.  16,  is  used.    The 
spider  may  of  course,  be  omitted,  if  the 
nature  of  the  ground  does  not  require  it. 
That  portion  of  the  post  which  ex- 
tends into  the  ground  may  be  coated 
with    preserving    paint    or    otherwise 
treated  to  prevent  rotting.*    Of  course, 
after  the  post  is  erected  it  should  be 
painted.      Iron    posts    are    frequently 
painted  black  with  white  letters  and 
wooden  posts,  white  with  black  letters, 
although  the  colors  used  are  frequently 
governed  by  standard  practice. 


-Groove 
Ij- Copping 


FlK.  ia2 


286.  When  a  bell  post  with  no  spider 
or  other  lateral  projections  is  to  be  in- 
stalled, a  post  hole  auger  may  often  be 
employed  to  advantage. 

When  using  a  spider  the  post  should 
b(^  plumbed  before  much  earth  is  re- 
placed in  the  hole. 


♦See  treatment  of  poles  In  Line  Coniitructloii. 
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TBACK   CIBCUITS 

287.  When  determining  the  limits  of  track  circuits  which 
govern  a  crossing  alarm,  there  is  frequently  considerable  freedom 
of  choice  as  regards  the  location  of  insulated  joints,  this  being 
especially  true  in  cases  where  no  apparatus  foreign  to  <the 
alarm  is  controlled  by  the  same  track  circuits. 

When  the  circuits  are  arranged  so  that  the  alarm  stops 
when  the  rear  end  of  a  train  passes  the  crossing,  it  is  well  to 
locate  the  joints,  at  the  crossing,  as  nearly  opposite  the  bell 
post  as  possible,  so  that  the  maintainer  when  riding  upon  the 
rear  end  of  a  train,  will  be  able  to  observe  whether  or  not  the 
bell  is  operating  properly. 

At  the  ends  of  the  circuits  away  from  the  crossing,  a  good 
location  for  the  battery  or  relay  shelter,  will  sometimes  govern 
the  placing  of  the  insulated  joints. 

288.  As  the  track  circuits  employed  in  this  class  of  work 
are  not  intended  to  indicate  whether  the  track  is  clear  for 
trafBc  or  not,  fouling  protection  is  usually  not  desirable.  Foul- 
ing sections  would,  in  many  cases,  simpl;^  prolong  false  ringing, 
for  instance,  when  a  train  enters  a  siding  before  reaching  the 
crossing.  In  other  cases,  the  tendency  to  prevent  a  warning 
being  given,  by  keeping  the  relay  locked,  for  example  when  a 
west-bound  train.  Fig.  92,  is  leaving  the  siding  before  an  east- 
bound  train  has  passed  oflf  the  circuit,  would  be  increased. 

Also,  as  crossing  alarms  are  not  intended  to  detect  broken 
rails,  it  is  customary  not  to  especially  provide  for  such  a  con- 
dition. On  this  account  cut-outs  at  switches  may  usually 
be  employed  satisfactorily  instead  of  insulating  the  switch 
rods. 

289.  The  following  table  will  be  found  convenient  when 
determining  the  length  of  track  circuits  to  be  used  with  cross- 
ing alarms,  annunciators,  etc.,  to  cover  various  traffic  re- 
quirements. It  will  also  be  of  value  when  locating  track  in- 
struments and  setting  time  circuit  controllers. 
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TIME   REQUIRED  TO  RUN   A   GIVEN   DISTANCE 

AT  A  CERTAIN   SPEED 


Speed  in 

Feet  Per 

Seconds  to 

Seconds  to 

Seconds  to 

Miles 
Per  Hour 

Second 

run  1,500  Ft. 

run  2,000  Ft 

run  Vi  Mile 

10 

14.7 

102 

136 

~  180 

20 

29.3 

51 

68 

90 

do 

44 

34 

45 

60 

40 

58.7 

26 

34 

45 

00 

73.3 

20 

27 

36 

60 

88 

17 

23 

30 

70 

102.7 

15 

19 

26 

80 

117.3 

13 

17 

22 

BATTEBY  SHELTERS* 

290.  Battery  Houses:  These  may  be  built  on  the  ground, 
but  are  frequently  made  in  the  shop,  the  latter  method  gen- 
erally being  less  expensive.  It  is  not  customary  to  paint  them 
inside. 


291.  Location,  To  avoid  disputes  it  is  usually  advisable 
to  place  the  battery  house  on  land  belonging  to  the  railroad 
company,  although  this  may,  in  some  instances,  necessitate  the 
use  of  additional  wire  and  trunking. 

These  buildings,  if  possible,  should  not  be  placed  within  10 
ft.  of  the  nearest  rail  and  if  convenient  a  greater  distance  is 
sometimes  desirable,  especially  from  a  main  track  where  high 
speed  trains  pass. 

A  good  clearance  is  desirable  in  cold  climates  to  avoid  having 
the  building  damaged  by  snow  thrown  from  plows. 

It  is  customary  to  have  the  door  face  the  track  and  if,  as 
often  happens,  there  is  a  ditch  alongside  of  the  track,  the 
battery  house  should  be  placed  back  from  it  a  distance  suflS- 
cient  to  provide  a  good  footing.  If  this  cannot  be  done,  two  or 
three  lengths  of  tile  pipe  may  be  laid  in  the  ditch  and  covered 
with  earth,  thus  securing  a  good  approach  to  the  building. 

292.  Foundation.  A  common  type  of  foundation  for  a  bat- 
tery house,  is  made  by  setting  posts,  about  6  in.  in  diameter  by 
3  or  4  ft.  long,  at  each  corner  of  the  building,  and  fastening  the 


•See  Track  Clrcoltn, — Installation  and  Maintenance. 
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building  to  them  with  strap  bolts,  secured  by  lag  screws,  as 
shown  in  Fig.  39. 

288.  Another  simple  form  of  foundation  is  made  by  laying 
two  timbers  (ordinary  railroad  ties)  parallel  to  the  track,  ar- 
ranged far  enough  apart  so  that  the  battery  house  just  covers 
them  in  front  and  rear.  Their  surface  is  generally  placed  from 
2  to  3  in,  above  ground. 

The  building  should  be  secured  to  the  ties  with  }  in.  bolts 
fitted  with  O.  G.  washers,  one  in  each  corner  being  sufficient. 
After  being  bolted  in  place,  the  house  should  be  plumbed  by 
tamping  dirt  under  the  ties. 

294.  Concrete  foundations  fitted  with  anchor  bolts  may  be 
provided  for  battery  houses  if  desired. 

296.  Maintenance.  An  occasional  inspection  of  the  general 
condition  of  the  building  is  desirable,  although  the  necessary 
re-painting  is  the  principal  consideration. 


TRACK  INSTRUMENTS 

296.  When  installing  track  instruments  which  are  secured 
to  the  ties,  it  is  customary  to  use  ties  of  white  oak  or  chestnut. 
It  is  very  desirable  to  employ  a  good  quality  of  wood,  as  by  so 
doing,  not  only  will  frequent  renewals  of  these  timbers  (re- 
quiring re-setting  and  probably  re-adjustment  of  the  instru- 
ment) be  avoided,  but  the  various  parts  of  the  instrument  will 
wear  longer  and  require  much  less  attention. 

297.  The  Hall  Track  Instrument:  Location.  The  principal 
consideration  in  locating  this  instrument  is  to  keep  it  well  clear 
of  rail  joints,  as,  if  located  near  to  a  joint  the  creeping  of  the 
rail  is  likely  to  cause  trouble. 

If  convenient,  it  is  well  to  place  the  instrument  on  straight 
track,  but  when  necessary  to  locate  it  on  a  curve,  it  should  if 
possible  be  placed  on  the  high  side*  of  the  track. 


•See  Track  Work. 
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298.  Care  should  be  taken  to  arrange  the  wires,  where  they 
enter  the  pipe  leading  up  to  the  instrument  from  the  trunking, 
in  such  a  manner  that  they  will  not  be  broken  by  vibration, 
which  is  likely  to  occur  at  that  point.  For  this  purpose  the 
pipe  should  extend  several  inches  into  the  trunking,  which 
should  fit  around  it  as  closely  as  possible.  In  addition  to  this, 
it  is  well  to  bind  the  wires  together  with  several  layers  of 
friction  tape,  for  a  length  of  12  or  14  in.,  half  of  which  extends 
into  the  pipe. 

299.  Position  of  Lever.  As  the  operation  of  thi/i  instrument 
depends  upon  the  blow  which  it  receives  from  passing  wheels, 
it  is  important  that  the  end  of  the  lever  which  comes  in  contact 
with  the  wheels  should  be  located  at  its  proper  height  in  rela- 
tion to  the  rail.  The  upper  surface  of  the  lever  at  this  point 
should  usually  be  about  ^  in.  above  the  top  of  the  rail,  al- 
though where  many  worn  (double  flanged)  wheels  are  in  ser- 
vice, it  may  be  found  desirable  to  reduce  this  to  -j^  inch. 

If  the  lever  is  set  too  high,  the  instrument  is  liable  to  be 
damaged,  some  part  or  parts  being  bent  or  broken ;  one  of  these 
is  the  chair,  which  in  this  case  is  likely  to  be  cracked  directly 
beneath  the  lever.  If  the  lever  is  too  low  it  will,  of  course,  not 
receive  a  blow  of  sufficient  strength  to  operate  the  contact. 
In  order  to  maintain  this  adjustment  a  tie  plate  is  provided  to 
keep  the  rail  from  cutting  into  the  tie. 

The  instruments  usually  come  from  the  factory  fitted  to  a 
certain  height  rail,  and  if  used  with  a  new  rail  of  this  size, 
and  a  new  tie  or  supporting  timber,  the  lever  should  set  prop- 
erly. However  it  frequently  happens  that  the  rail  is  worn, 
being  considerably  below  its  original  height,  also  the  tie  may  be 
worn,  the  rail  having  cut  into  it. 

In  such  cases  the  necessaiy  steps  must  be  taken  to  obtain 
this  adjustment  which  may  be  done  by  the  use  of  a  thicker  tie 
plate  or  by  slightly  dapping  the  tie  beneath  the  chair. 

A  clearance  of  at  least  ^  in.  should  be  allowed  between  the 
end  of  the  lever  and  the  rail. 

300.  After  the  instrument  has  been  in  use  for  some  time, 
the   end   of   the   lever   is   likely   to   become    worn   by   passing 
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wheels.  The  fulcrum  pin  or  the  hole  in  the  chair  may  also  be- 
come worn.  Wear  at  these  points  may  be  taken  up  by  placing 
a  piece  of  sheet  iron  beneath  the  chair,  making  it  the  same  size 
as  the  bottom. 

Another  cause  which  may  make  trouble  with  this  adjust- 
ment is  poor  support  beneath  the  tie.  The  tie  must  be  weU 
tamped  up,  and  not  allowed  to  get  loose.  Therefore  ties  upon 
which  these  instruments  are  placed  will  probably  require  more 
attention  than  is  given  to  the  ordinary  tie. 

301.  Tension,  The  adjustment  of  the  large  rubber  spring  is 
accomplished  by  screwing  up  or  down  on  the  two  nuts  which 
hold  its  yoke.  These  should  be  so  adjusted  that  by  striking 
the  end  of  the  lever  next  to  the  rail  a  smart  blow  with  a 
2-lb.  hammer,  the  piston  will  rise  just  enough  to  operate  the 
contact. 

302.  Cylinder.  The  sides  of  the  cylinder  should  be  lubricated 
with  a  heavy  smooth  oil,  such  as  red  engine  oil,  or  with  glycer- 
ine, which  while  allowing  the  piston  to  move  freely,  will  keep 
the  air  from  leaking  past  it.  Whenever  the  cylinder  is  open, 
care  should  be  taken  to  keep  out' dust  or  grit  of  any  kind,  as 
it  will  tend  to  roughen  the  cylinder  and  piston.  Rain  and 
snow  should  also  be  excluded  as  they  are  liable  to  freeze  and 
thus  cause  trouble. 

303.  Air  Valve.  This  is  a  valve  arranged  to  retard  the  pas- 
sage of  air  from  the  space  above  the  piston  to  that  below,  but 
allowing  it  to  flow  freely  in  the  opposite  direction.  The  ad- 
justment of  this  valve  is  to  some  extent  a  matter  of  experiment, 
a  good  method  of  procedure  being  as  follows :  Screw  the  valve 
down  so  that  the  washer  will  rest  on  the  port,  thus  offering 
as  much  resistance  as  possible  to  the  passage  of  air ;  then  note 
the  effect  as  a  train  passes.  Probably  the  piston  will  rise  very 
slowly,  a^d  with  some  wheels,  not  enough  to  operate  the  con- 
tact. If  this  is  the  case  the  screw  should  be  raised  slightly 
allowing  the  piston  to  rise  more  quickly.  By  observing  the 
action  of  the  piston  during  the  passage  of  three  or  four  trains, 
an  adjustment  can  be  found  which  will  usually  be  satisfactory'. 
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the  piston  rising  each  time  sufficiently  to  operate  the  contact 
but  not  fast  enough  to  prevent  it  from  cushioning  properly 
after  it  passes  the  upper  port,  and  is  thus  kept  from  striking 
the  top  plate  or  the  bonnet. 

304.  Contacts.  The  contact  springs  should  be  so  adjusted 
that  they  will  bend  a  little  after  they  touch,  thus  causing  a 
sliding  contact. 

The  contacts  should  of  course  be  cleaned  occasionally,  the 
frequency  depending  upon  the  voltage  and  current  carried  on 
the  controlled  circuit.  This  may  be  done  by  passing  a  strip  of 
clean  emery  cloth  between  the  contact  points  or  by  rubbing 
them  lightly  with  a  very  fine  file.*  Dirty  or  greasy  emery  cloth 
should  never  be  used. 

306.  If  the  contact  is  normally  open  and  it  is  desired  not  to 
close  it  while  working  about  the  contact,  one  of  the  wires  may 
be  temporarily  disconnected.  When  again  connected,  it  is 
advisable  to  bridge  the  contacts  with  a  voltmeter,  a  proper 
reading  on  which  will  insure  that  the  connection  at  the  binding 
post  is  well  made. 

If  the  controlled  circuit  'is  normally  closed  a  temporary 
jumper  may  be  placed  across  the  binding  screws  to  keep  it 
closed  while  the  contact  is  being  cleaned.  To  test  its  operation 
after  the  work  is  completed  an  ammeter  may  be  bridged  in 
place  of  the  jumper.  When  thus  connected  the  contact  should 
be  opened  and  then  allowed  to  close,  at  which  time  the  meter, 
being  shunted  by  the  contact,  should  give  a  very  low  reading. 

It  is  very  poor  practice,  except  in  cases  of  necessity  such  as 
a  failure,  to  remove  the  bonnet  in  stormy  weather,  as  rain,  etc.. 
tends  to  rust  the  parts  and  cause  them  to  work  poorly. 

306.  The  O'Neil  Track  Instrument:  As  stated  in  Art.  60. 
the  operation  of  this  instrument  depends  upon  the  depression 
or  wave  motion  imparted  to  the  rail  by  the  passage  of  the 
wheels.  With  a  heavy  rail  this  motion  is  of  course  less  thaii 
with  a  light  one.  Also  with  a  firm  road-bed,  for  instance,  one 
ballasted  with  crushed  stone,  this  motion  is  less  than  with  a 


•Small  flat  file     (Swiss  cut). 
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soft  road-bed.  Therefore  if  installing  the  instrument  on  a  track 
having  a  heavy  rail  and  stone  ballast  it  is  best  to  provide  a 
concrete  foundation  which  is  entirely  independent  of  the  ties, 
thus  utilizing,  to  its  greatest  extent,  the  motion  of  the  rail. 

On  tracks  of  lighter  rail  and  softer  ballast  it  may  be  at- 
tached with  lag  screws  to  two  ties,  as  suflScient  motion  may  be 
expected  without  the  use  of  the  concrete  foundation. 

307.  One  advantage  of  attaching  the  instrument  to  the  ties 
is  that  if  the  track  is  raised  by  tamping  up  the  ties  the  in- 
strument is  also  raised  thus  keeping  it  in  its  proper  relation  to 
the  rail.  There  is  a  slight  disadvantage  when  attached  to  the 
ties  however,  in  that  there  is  more  liability  of  breaking  the 
wirt«  where  they  enter  the  box,  on  account  of  vibration,  than 
when  set  on  a  concrete  foundation.  The  ties  to  which  the  box 
is  fastened  require  a  square  corner  to  fit  under  the  lugs,  there- 
fore it  is  advisable  to  use  sawed  ties. 

« 

308.  Maintenance.  Good  drainage  should  be  provided  for 
these  instruments,  as  water  if  allowed  to  run  into  them,  will 
corrode  the  parts  and  may  freeze,  keeping  them  from  operat- 
ing. 

The  contacts  should  be  occasionally  inspected,  and  cleaned 
when  necessary.  The  precautions  mentioned  in  Art.  305,  in  re- 
gard to  keeping  the  circuit  in  its  normal  condition  (either 
open  or  closed)  when  working  about  the  contacts,  may  of 
course  be  followed  with  this  instrument. 

309.  When  the  instrument  is  mounted  on  a  concrete  founda- 
tion, the  maintainer  should  be  on  the  ground  when  the  track  is 
being  surfaced  or  raised,  to  see  that  the  foundation  also  is 
raised  to  correspond  to  the  elevation  of  the  rail.  If  attached 
to  the  ties  and  it  is  desired  to  adz  them  beneath  the  rail,  it  is 
also  desirable  for  the  maintainer  to  be  present  and  lower  the 
box  if  necessary. 

TRUNKINO,    CONDXnT    AND   WIRING 

310.  The  directions  given  in  D,  C,  Track  Circuits  for  the  in- 
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ft 

stallation  and  maintenance  of  trunking,  conduit  and  wiring, 
«^lso  apply  to  other  circuits  in  crossing  alarm  work. 

In  order  to  keep  the  wires  as  dry  as  possible,  when  running 
trunking  across  a  ditch,  as  from  the  track  to  the  battery  house, 
or  across  low  or  marshy  ground,  as  from  a  filled  road-bed  to  a 
telegraph  pole,  where  ordinary  stakes  would  not  be  satis- 
factory, it  is  customary  to  form  a  bridge  of  plank.  When  the 
span  is  not  over  4  or  5  ft.  a  2  in.  plank,  4  to  6  in.  wide,  is  laid 
flat  and  the  trunking  nailed  to  the  center.  For  longer  runs 
it  is  necessary  to  set  posts  (usually  railroad  ties)  between  4 
and  6  ft.  apart.  In  some  cases,  a  plank  as  thick  as  the  width  of 
the  trunking  is  used,  being  placed  on  edge.  This  method  pro- 
duces a  rigid  construction  and  is  convenient  when  running  to 
a  telegraph  pole,  as  it  may  easily  be  attached  to  it,  with  spikes, 
bolts  or  lag  screws. 

311.  Office  wire,  secured  with  cleats,  is  frequently  used  in 
battery  houses.  It  should  be  kept  clear  of  the  battery  jars  and 
when  sal-ammoniac  cells  are  employed,  it  should  be  run  above 
them,  when  possible,  so  that  in  case  of  a  broken  battery  jar  the 
solution  will  not  drip  onto  the  wires. 

When  wires  are  to  be  carried  from  trunking  into  battery 
houses,  the  method  described  in  D.  C.  Track  Circuits,  for  use 
at  towers,  is  usually  employed. 

312.  Battery  Wiring:  The  following  directions  should  be 
observed  in  connection  with  the  wiring  of  bell  batteries.  When 
the  cells  are  placed  side  by  side  and  connected  in  series,  con- 
necting wires  between  the  cells,  known  as  jumpers,  are  fre- 
quentlj'^  required.  These  are  made  of  the  same  wire  as  that 
leading  to  the  batteries,  except  in  battery  boxes,  where  the 
heavy  under-ground  wire  is  carried  directly  to  the  battery  term- 
inals, in  which  case  the  jumpers  are  made  of  lighter  material  in 
order  to  secure  greater  flexibility.  They  are  usually  made  from 
12  to  15  in.  long,  being  formed  into  a  spiral. 

« 

313.  The  method  of  installing  jumpers  for  use  on  batteries 
connected  as  shown  in  sketch  B,  Fig.  42,  varies  according  to 
the  position  of  the  cells.    If  the  two  rows  of  cells  are  placed 
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side  by  side,  the  jumpers  may  be  made  in  the  form  of  the  letter 
H,  the  sides  being  about  15  in.  long  and  the  piece  joining  them 
about  10  in.  After  completing  the  joints  the  cross  piece  and 
ends  are  all  wound  into  spirals  before  connecting  them  to  the 
binding  posts. 

When  the  two  rows  of  cells  are  on  separate  shelves,  one 
above  the  other,  holes,  in  which  the  wire  will  fit  snugly,  should 
be  made  close  to  the  edge  of  the  upper  shelf  in  front  of  the 
space  between  each  two  cells.  The  piece  joining  the  sides  of  the 
H  should  be  made  considerably  longer  and  should  be  passed 
through  the  hole  and  snubbed,  before  the  second  joint  is  made. 
In  some  cases  cleats,  secured  to  the  edge  of  the  shelf,  may  be 
used  to  advantage  to  hold  these  connections.  These  wires 
should  run  straight  above  and  below  the  shelves,  except  about 
5  in.  on  each  end  which  is  formed  into  a  spiral. 

314.  As  mentioned  in  Art.  340,  it  is  frequently  necessary 
to  arrange  batteries  so  that  cells  may  be  removed  without 
opening  the  circuit.  In  order  to  remove  the  end  cells,  addi- 
tional taps  or  branches  are  attached  to  the  wires  leading  to  the 
battery  terminals.  The  joint  is  usually  placed  directly  back 
of  the  spiral,  an  oflfice  wire  terminal  thus  arranged  being  shown 
in  Fig.  133.  The  taps  are  fitted  with  connectors  as  shown,  when 
used  at  the  positive  end  (copper)  of  a  gravity  battery. 


FIff.   133 


316.  As  the  chemicals  in  sal-ammoniac  cells  attack  copper, 
it  is  advisable  to  paint  the  end  of  the  insulation  with  P.  &  B. 
compound,  to  prevent  corrosion  beneath  it. 


316.    The  wiring  in  buildings,  such  as  stations,  for  interrupt- 
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ing  keys,  etc.,  is  usually  done  as  described  in  B.  C.  Track 
Circuits,  for  towers. 

When  wiring  in  insured  buildings,  the  Fire  Uitderwriters 
rnles^  must  be  observed.  These  rules  are  issued  from  time  to 
time  in  book  form  and  when  any  of  this  class  of  work  is  to  be 
done,  it  is  desirable  to  secure  an  up-to-date  copy. 

The  Fire  Underwriters  have  also  approved  certain  electrical 
littings  for  use  under  these  conditions,  a  list  of  which  may 
readily  be  obtained.* 

317.  Testing:  After  completing  the  wiring  of  a  circuit  it 
is  desirable  to  test  it  for  grounds  and  crosses.  A  magneto  is 
usually  employed  for  this  purpose. 

If  the  circuit  is  isolated,  that  is  if  no  part  of  it  is  on  a  common 
wire  with  other  circuits,  this  may  easily  be  done  by  connecting 
one  terminal  of  the  magneto  to  the  circuit  at  any  point  and 
the  other,  first  to  a  good  ground  and  then  successively  to  the 
wires  of  all  other  circuits  with  which  it  is  possible  for  the  cir- 
cuit being  tested  to  be  crossed. 

If  the  circuit  is  not  isolated  the  common  wire  should  be  dis- 
connected from  it  at  each  end  and  the  test  then  made  as  just 
stated. 

The  common  wire  should  also  be  tested  for  grounds,  that  is 
of  course,  unless  it  is  the  practice  to  keep  it  permanently 
grounded. 

0 

318.  Maintenance :  Frequent  inspection  of  the  wiring  about 
batteries,  especially  those  made  up  of  sal-ammoniac  cells,  is 
necessary,  the  condition  of  the  battery  terminal  wires  and  the 
jumpers  between  the  cells  being  given  particular  attention. 

The  corrosion  of  a  bare  wire  will  be  indicated  by  the  presence 
of  a  green  deposit.  However,  a  wire  may  become  corroded  in- 
side the  insulation,  for  instance,  if  allowed  to  come  into  contact 
with  creeping  salts ;  therefore,  if  a  discolored  spot  appears  on 
the  insulation  it  is  well  to  cut  this  away  to  find  out  if  the  wire 
has  begun  to  corrode. 

If  corrosion  has  started  it  is  practically  impossible  to  ef- 


•They  may  be  obtained  by  applying  at  any  Fire  Insurance  office. 
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fectually  stop  it,  the  only  safe  course,  in  such  cases,  being  to 
renew  the  wire  or  if  its  length  permits,  cut  off  the  corroded 
portion. 

In  some  cases  a  wire  may  corrode  oflf,  or  nearly  so,  before 
producing  a  noticeable  discoloration  on  the  outside  surface  of 
the  insulation.  It  is  therefore  necessary  when  inspecting,  to 
try  the  battery  leads  and  jumpers,  by  giving  them  a  slight  side 
pressure  with  the  fingers,  a  little  practice  enabling  one  to  de- 
tect a  bad  spot  in  the  wire  by  the  resistance  it  offers  to  being 
bent. 

319.  When  it  is  desired  to  disconnect  a  track  or  line  circuit 
which  controls  one  side  of  an  interlocking  relay,  it  may  some- 
times be  found  convenient,  especially  where  traffic  is  light,  to 
catch  the  relay  locked  and  thus  prevent  false  ringing.  For  ex- 
ample, if  the  easterly  track  battery  in  Fig.  92,  is  to  be  discon- 
nected, it  may  be  done  while  an  east-bound  train  is  between  the 
two  track  batteries,  and  consequently  when  the  train  leaves  cir- 
cuit B,  the  relay  will  remain  locked  and  the  bell  will  not  be 
kept  ringing  by  the  absence  of  the  battery. 

When  doing  this,  it  is  of  course,  desirable  to  have  the  bat- 
tery convenient  for  use  in  case  a  train  should  approach  from  the 
east,  as  it  will  be  seen  that,  if  allowed  to  get  onto  circuit  B  be- 
fore the  battery  is  again  connected  the  alarm  would  fail  to  give 
warning  of  its  approach.  Therefore,  if  for  any  reason  the  bat- 
terj'  will  not  be  available  for  use  within  the  time  that  a  train 
could  approach  from  the  east,  it  is  advisable  to  have  two  or 
three  dry  cells  at  hand  to  connect  to  the  circuit  momentarily  and 
thus  unlock  the  relay.  In  this  case  also  the  dry  cells  may  be 
used  temporarily  to  keep  the  bell  from  ringing  until  the 
regular  battery  is  ready  to  be  put  into  service. 

BATTERIES 

320.  Size  of  Battery:  The  number  and  arrangement  of  cells 
to  be  employed  in  a  line  or  bell  battery  depends,  of  course,  upon 
the  voltage  required,  this  being  determined  by  the  design  of  the 
instrument  to  be  operated.  On  account  of  the  limiting  eflfect 
of  the  internal  resistance  of  the  battery  upon  the  flow  of  cur- 
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rent,  the  amount  of  euirent  required  also  becomes  a  'factor. 
For  instance,  if  gravity  cells  having  an  internal  resistance  of 
3  ohms  each  were  used,  it  is  evident  that  (allowing  an  effective 
E.  M.  F.  of  1  volt  per  cell)  with  the  cells  arranged  in  series, 
^  amp.  would  be  the  maximum  current  which  could  be  ob- 
tained, no  matter  how  many  cells  were  employed.  Therefore, 
if  the  instrument  required  ^  amp.  to  operate  properly,  it  \^ould 
be  necessary  to  connect  two  sets  of  these  cells  in  multiple,  in 
which  case  the  maximum  current  available  would  be  J  amp. 

321.  In  addition  to  the  drop  in  voltage  caused  by  the  in- 
ternal resistance  of  the  battery,  another  point  which  must  be 
considered  is  the  drop  due  to  the  resistance  of  the  line  or  other 
wiring.  It  should  be  borne  in  mind  that  the  voltage  given  as 
that  required  to  operate  a  certain  instrument,  is  the  voltage 
which  should  be  maintained  at  its  terminals,  when  the  circuit 
through  its  coils  is  closed.  For  example,  supposing  a  certain  bell, 
wound  to  10  ohms  resistance  and  designed  to  operate  on  6  volts, 
is  connected  into  a  circuit  whose  wiring  has  a  resistance  of  5 
ohms,  and  is  to  be  operated  by  a  battery  each  cell  of  which 
has  an  effective  E.  M.  F.  of  1.3  volts  and  an  internal  resis- 
tance of  1  ohm.  Five  cells  in  series  would  produce  a  reading 
between  6.4  and  6.5  volts  at  the  terminals  of  the  bell  when  its 
contact  is  open  (as  when  the  hammer  is  held  against  the  gong) 
but  if  the  contact  is  closed  (as  when  the  hammer  is  held  away 
from  the  gong)  the  voltage  will  drop  to  3.25  volts.  Therefore, 
to  secure  the  necessary  working  voltage  at  the  terminals  of  the 
bell,  the  battery  must  be  increased  to  13  cells,  which  will  pro- 
duce a  reading  of  6.036  volts,  when  the  contact  is  closed.  In 
this  connection,  however,  it  should  be  remembered  that  the  re- 
sistance of  the  wiring  in  many  of  the  bell  circuits  is  so  small 
that  it  need  not  be  considered. 

It  is  customary  when  calculating  the  battery  required  for  a 
circuit,  to  allow  a  margin,  usually  not  more  than  5  per  cent, 
over  the  working  voltage  of  the  circuit,  in  order  to  cover  any 
increase  in  resistance  at  contacts,  etc. 

322.  While  it  is  necessary  to  have  a  battery  large  enough  to 
do  the  work  properly,  it  is  possible  to  have  it  too  large;  that 
is,  to  have  too  high  a  voltage  on  an  instrument. 
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If  the  voltage  is  too  high,  wliile  it  may  not  cause  sufficient 
current  to  flow  to  heat  the  coils,  it  may  cause  excessive  heating 
or  arcing  at  the  contact  points  of  relays,  bells,  etc.,  which 
will  tend  to  raise  their  resistance  or  otherwise  injure  them. 
It  also  tends  to  increase  the  effects  of  residual  magnetism. 

328.  Installing  and  Maintaining:  In  addition  to  the  general 
directions  given  in  Magnetism  and  Electricity,  and  the  special 
points  mentioned  in  D,  C,  Track  Circuits  for  the  installation 
and  maintenance  of  the  various  types  of  batteries  used  with 
crossing  signals,  the  following  instructions  are  applicable  to  their 
use  in  this  class  of  work. 

As  the  failure  of  a  circuit  on  account  of  unusually  high  re- 
sistance, may  cause  a  dangerous  failure  of  an  alarm,  it  is  es- 
pecially important  that  all  binding  posts  and  connectors  be  kept 
clean  and  bright, 

324.  Gravity  Batteries.  When  gravity  cells  are  employed  in 
bell  batteries  or  on  other  light  work,  there  is  often  not  enough 
flow  of  current  to  keep  the  line  of  demarcation  down  to  its 
proper  place,  therefore  when  convenient,  whit(»  solution  from 
the  track  batteries,  which  would  otherwise  be  thrown  away,  may 
be  added  instead  of  water  when  making  up  for  evaporation. 
When  pouring  this  into  the  jars  it  is  desirable,  in  order  that 
the  solution  be  disturbed  as  little  as  possible,  to  have  a  thin 
piece  of  board  (fitted  with  copper  wire  for  a  handle)  floating 
on  the  top  of  the  solution  in  the  jar. 

326.  If,  as  may  occur  in  extreme  cold  weather,  the  cells 
should  g(»t  cold  enough  to  form  ice  around  the  zinc,  most  of 
the  white  solution  is  apt  to  be  lost  in  removing  the  ic(»  and 
unless  additional  white  solution  is  available,  the  battery  will 
be  v(»ry  slow  in  picking  up.  In  such  cases  the  use  of  sul- 
phuric acid,  as  described  in  Magnetism  and  Electricity ,  for 
starting  new  cells,   will   be  found  advantageous. 

The  n(M'essar>'  visits  to  the  track  batteries  are  usually  fre- 
quent enough  for  the  inspc^etion  of  the  c(»lls  on  lighter  work. 
When  making  such  insp(»ctions  it  is  advisable  to  see  that  the 
copper  connecting  wires  an\  not  eat(*n  off,  this  being  tested  by 
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giving  them  a  slight  pull,  although  care  must  be  taken  not  to 
displace  the  copper. 

326.  Sot-ammoniac  Batteries,  When  mixing  sal-ammoniac  so- 
lution in  glass  jars  it  is  well  to  place  them  on  a  dry  board  so 
that  they  will  not  be  cracked  by  the  difference  in  temperature 
between  the  solution,  which  is  quite  cold,  and  the  surface  be- 
neath. 

As  the  life  of  a  sal-ammoniac  battery  depends  almost  entirely 
upon  the  number  of  ampere-hours  taken  from  it,  the  frequency 
of  renewal  will  depend  largely  upon  the  frequency  of  train  move- 
ments, provided  the  battery  is  not  badly  polarized  as  by  allow- 
ing the  bell  to  ring  continuously  for  a  long  time,  or  by  a  short- 
circuit. 

Occasionally  it  will,  of  course,  be  necessary  to  add  water  to 
the  electrolyte  to  make  up  for  evaporation. 

In  most  eases  it  is  not  desirable  to  add  sal-ammoniac  to  an 
old  solution,  it  being  much  better  to  substitute  an  entirely  new 
solution. 

327.  It  will  usually  be  found  desirable  to  keep  the  condition 
of  all  cells  in  the  same  battery  as  nearly  uniform  as  pos- 
sible, setting  them  up  and  renewing,  all  at  the  same  time. 
This  avoids  keeping  an  individual  record  of  each  cell. 

If  one  or  two  cells  in  a  battery  have  had  to  be  renewed  be- 
fore the  others,  on  account  of  broken  jars  or  other  damage,  and 
are  therefore  in  good  condition  when  the  rest  of  the  battery  is 
exhausted,  they  may  be  set  one  side  and  kept  spare,  or  used 
with  another  battery  if  desired.  This  method  will,  of  course, 
occasionally  require  the  use  of  more  jars  and  sometimes  more 
material  than  would  otherwise  be  necessary,  but  is  generally 
more  satisfactory,  and,  in  any  case,  two  or  three  spare  jars  at 
a  battery  location  are  always  a  great  convenience. 

328.  Binding  Posts  and  Connectors,  As  the  chemicals  in 
the  cells  have  a  tendency  to  attack  the  binding  posts  (as  well 
as  the  connecting  wires  mentioned  in  Art.  318)  their  condition 
should  be  noted  at  each  inspection.  When  corroded,  I)rass  shows 
a  green  deposit,  and  zinc  or  lead  a  whitish  deposit. 
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A  binding  post  may,  however,  become  corroded  iiiside  of  the 
carbon  plate  to  which  it  is  attached  and  still  show  very  little 
deposit  on  the  outside.  In  fact  the  screw  passing  through  the 
hole  in  a  carbon  may  be  corroded  entirely  off  and  the  post  re- 
main in  place,  being  held  by  the  paraffin.  Therefore  when  in- 
spectiiig,  a  slight  pressure  should  be  brought  to  bear  on  the  bind- 
ing posts,  to  insure  that  none  are  loose. 

Whenever  working  about  the  battery  care  should  be  exercised 
not  to  handle  the  binding  posts,  jumpers  or  wiring,  with  hands 
moist  with  sal-ammoniac  solution. 

329.  Polarized  Cells.  As  all  types  of  sal-ammoniac  cells  are 
liable  to  become  badly  polarized  by  long  continued  ringing  of 
the  bell  or  by  accidental  short-circuiting,  it  is  very  good 
practice  for  the  maintainer  to  keep  at  his  head-quarters  or  at 
some  other  convenient  point,  a  dry  battery  of  the  proper  voltage, 
connected  up  and  secured  in  a  convenient  manner  for  trans- 
portation, in  fact,  constituting  a  portable  reserve  battery  for 
use  when  a  bell  battery  at  any  point  has  become  badly  polarized. 

By  substituting  this  dry  battery  in  place  of  the  regular  bat- 
tery, the  latter  can  be  given  absolute  rest  for  a  few  days,  and 
thus  be  allowed  to  depolarize.  Of  course,  the  same  dry  cells 
should  not  be  kept  too  long  in  the  substitute  battery,  it  being 
better  to  put  them  into  regular  service  at  some  point,  after 
they  have  been  in  this  service  for  two  or  three  months,  and 
place  new  cells  in  the  emergency  battery. 

330.  Cells  that  have  been  badly  polarized  will  seldom  recover 
their  original  strength,  but  if  fairly  fresh  before  becoming 
polarized,  a  week  or  ten  days  rest  should  be  sufficient  to  restore 
them  to  a  good  percentage  of  their  original  efficiency;  if  at 
the  end  of  that  time  the  battery  is  not  able  to  do  its  work 
properly,  it  should  be  given  an  overhauling.  It  is  often  a  good 
plan  to  first  test  each  cell  separately,  as  two  or  three  bad  cells 
are  likely  to  reduce'considerably  the  efficiency  of  seven  or  eight 
in  good  condition. 

331.  When  testing  a  battery  in  this  manner,  it  is  advisable 
to  test  not  only  each  cell  separately,  but  also  the  cells  in  con- 
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secutive  pairs.    For  example,  in  Pig.  134. 
this  would  require  that  the  meter  be  con- 
nected from  A  to  C  as  shown,  from  B  to 
'<&-*  D  as  shown  dotted,  C  to  E,  etc.,  this  test 

rig.  184  indicating  the  presence  of  high  resistance 

at  any  of  the  binding  posts  or  other  connections. 

If  only  two  or  three  cells  are  in  bad  condition,  dry  cells  may  be 
substituted  for  them  during  the  rest  of  the  life  of  the  battery 
or  their  places  filled  when  convenient  by  cells  from  other  bat- 
teries, as  mentioned  in  Art.  327.  Whenever  substituting,  it  is 
well  to  keep  all"  the  old  cells  together,  starting  with  them  at  one 
end,  and  ending  with  all  the  dry  cells  or  substitutes  at  the  other. 

332.  LeVlaiwhe  Cells.  In  LeClanche  cells,  one  charge  of  sal- 
ammoniac  is  usually  considered  sufficient  to  last  as  long  as  one 
zinc.  It  is  w-ell  to  clean  the  zincs  once  or  perhaps  twice  during 
their  life,  and,  if  convenient,  to  amalgamate  them  at  the  same 
time,  unless  they  are  made  of  a  zinc  amalgam. 

When  the  zinc  has  become  reduced  to  less  than  one-third  its 
original  diameter  it  should  be  discarded.  The  consiunption  of 
the  zinc  to  this  size  indicates  that  the  electrolyte  is  also  ex- 
hausted and  both  should  be  renewed,  the  jar  being  washed  out 
and  any  crystals  that  may  adhere  to  the  porous  cup  removed. 
The  cup  also  should  be  drained  through  the  tubes  at  the  top, 
care  being  exercised  not  to  let  any  of  the  solution  get  onto  the 
binding-post.  The  new  solution  and  zinc  are  then  put  into 
service. 

333.  In  some  cases  the  zinc  may  be  consumed  at  the  surface 
of  the  electrolyte  to  less  than  one-third  its  original  size  but  be 
fairly  large  below.  Tn  this  case  the  zinc  must  be  discarded  and 
if  a  partly  consumed  zinc  is  at  hand  it  may  be  used.  Before 
putting  in  one  of  these  partly  used  zincs,  which  has  been  out 
of  service  for  some  time  and  has  become  dry,  it  should  be 
scraped  bright  and  be  thoroughly  wet  and  if  not  made  of  zinc 
amalgam,  it  should  be  amalgamated.  The  cell  should  be  tested 
when  again  ready  for  service. 

334.  As  each  successive  charge  of  sal-ammoniac  is  consumed 
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in  the  cell,  a  certain  amount  of  white  crystals  form  inside  the 
porous  cup,  starting  at  the  bottom  and  gradually  working  up, 
usually  at  the  rate  of  about  1  inch  for  each  charge.  This  crys- 
tallization cakes  around  the  carbon  and  depolarizer  forming 
the  whole  into  a  solid  mass  in  which  very  little  action  takes 
place. 

Thus  after  four  or  five  charges 'of  sal-ammoniac  have  been 
consumed  the  crystallization  has  about  reached  the  top  of  the 
solution  after  which  the  porous  cup  will  then  render  very  poor 
service.  It  may  now  be  boiled  out  or  what  is  better,  given  a 
new  charge  of  depolarizer,  and  again  be  put  into  service.  How- 
ever, on  account  of  the  crystallization,  the  depolarizer  is  often 
diflficult  to  remove  and  the  carbon  plate  or  porous  cup  is  liable 
to  be  broken  in  getting  it  out.  The  renovated  cups  also  are  gen- 
erally not  as  efficient  as  new  ones,  and  the  binding  posts  or  the 
lead  caps  on  the  carbons  are  more  likely  to  corrode.  Therefore' 
the  results  obtained  usually  do  not  compensate  for  the  time  re- 
quired to  do  the  w^ork,  it  being  considered  better  and  usually 
cheaper  to  throw  away  the  old  cups  and  use  new  ones. 

335.  Other  Liquid  Types.  Most  other  types  of  liquid  sal- 
ammoniac  cells  employed  in  this  class  of  work  iLse  a  depolarizer. 
If  the  pencil  zinc  is  employed,  the  directions  given  for  its  use 
with  the  LeClanche  cells  apply  to  its  life  as  compared  with  that 
of  the  solution;  also  as  regards  the  depolarizer  which  seldom 
lasts  longer  than  four  solutions. 

In  types  in  which  cylinder  zincs  are  used  one  zinc  usually 
lasts  as  long  as  tAvo  charges  of  sal-ammoniac. 

336.  Dry  Batifries.  In  addition  to  the  emergency  use  of 
dry  cells,  as  mentioned  in  Art.  331,  they  are  sometimes  used 
regularly  in  bell  batteries.  Their  length  of  life  must,  in  such 
cases,  be  determined  by  experience,  and  if  this  is  lacking,  it  is 
advisable  to  make  frecjuent  tests  of  the  cells,  commencing 
directly  after  they  are  installed,  to  indicate  how  fast  they  exhaust. 

337.  If  the  paste  board  becomes  discolored  or  swelled,  it  in- 
dicates  that   the   chemicals   within   the   cell  hav(»   eat(»n    a   hole 


132  HIGHWAY  CROSSING   SIGNALS 

through  the  zinc,  in  which  case  the  cell  should  be  removed  from 
service. 

As  the  internal  resistance  of  dry  cells  increases  with  their  age, 
two  or  more  sets  of  old  cells,  each  of  which  is  insufScient  to 
operate  a  circuit,  may  sometimes  be  temporarily  used,  being  con- 
nected in  multiple  to  decrease  the  internal  resistance. 

If  some  cells  become  exhausted  more  quickly  than  others,  it  is 
advisable  to  add  the  new  cells  at  one  end,  as  already  mentioned. 

338.  Caustic  Soda  or  Potash  Batteries.  Sal-ammoniac  or  dry 
cells  are  quite  satisfactory  on  alarms  where  there  are  not  many 
trains,  but  where  the  traflBc  is  heavy,  caustic  soda  or  potash  cells 
are  more  desirable.  Even  on  light  work  the  latter  types  are  pre- 
ferable when  provided  with  the  proper  resistance  shiuit*  to  keep 
them  in  good  condition. 

Their  principal  advantage  lies  in  the  fact  that  in  case  the  bell 
is  caused  to  ring  continuously  they  do  not  polarize  or  exhaust 
quickly.  In  such  cases  sal-ammoniac  cells  soon  become  polarized, 
and  dry  ceUs  exhausted;  thus  with  either  type,  the  bell  soon 
stops  ringing,  and  a  dangerous  failure  results.  The  battery  also 
re(iuires  either  an  entire  renewal  or  considerable  attention,  or 
at  least  quite  a  rest,  before  it  is  again  ready  for  work. 

This,  of  course,  applies  to  other  normally  open  circuits  where 
sal-ammoniac  or  dry  cells  will  become  polarized  or  exhausted 
by  a  shunt,  much  more  quickly  than  soda  or  potash  cells. 

339.  In  some  eases,  if  exposed  to  very  low  temperatures,  soda 
or  potash  batteries  may  lose  considerable  of  their  total  B.  M.  P. 
by  the  reversal  of  two  or  three  cells  in  a  battery  of  ten  or 
twelve.  Therefore  when  testing  a  battery  of  this  type  under  such 
conditions,  it  is  well  to  note  the  direction  of  the  current  given 
by  each  cell,  as  the  removal  of  the  reversed  cells  may  allow  the 
rest  of  the  battery  to  operate  the  circuit.  The  reversed  cells 
should  then  be  short-circuited  and  warmed,  until  the  current 
from  them  again  flows  in  the  right  direction. 

340.  General  Maintenancv   of  Batteries.    In  order  to  avoid 


•See  MairnetlHin  and  Eloctrlclty, — Batterifs. 
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interference  with  traffic,  or  false  ringing,  it  is  frequently  neces- 
sary, that,  when  removing  cells  from  line  batteries,  the  circuit 
remain  closed.  This  is,  of  course,  also  true  of  bell  batteries 
when  arranged  to  furnish  current  for  line  circuits,  or  when  the 
bell  battery  is  at  a  distance  from  the  crossing  or  when  the 
battery  at  one  crossing  furnishes  current  for  the  alarm  at  an- 
other, in  which  cases  the  batteryman  might  inadvertently  keep 
an  alarm  from  operating  for  a  train,  if  he  should  have  the  cir- 
cuit disconnected.*  In  cases  where  batteries  are  arranged  as  in 
Pig.  42,  this  is,  of  course,  a  very  ea^  matter,  especially  with  the 
arrangement  shown  in  sketch  B,  where  in  a  battery  of  twelve 
or  fourteen  cells,  the  removal  of  one  cell  may  have  hardly  any 
noticeable  effect  upon  the  flow  of  current  in  the  circuit.  When 
employed  to  control  normally  closed  instruments  such,  for  ih- 
stance,  as  relays,  one  row  of  the  cells  shown  in  sketch  A  of 
the  same  figure,  may  often  be  disconnected,  if  it  is  first  observed 
that  the  relay  operated  by  it  is  energized,  as  it  will  be  re- 
membered that  the  current  required  to  hold  up  its  armature  is 
less  than  that  required  to  raise  it. 

• 

341.  When  it  is  required  to  keep  the  circuit  closed  through 
a  single  series  of  cells,  the  terminal  wires  are  of  course  provided 
with  taps  as  shown  in  Fig.  133,  and  a  jumper  is  used  to  shunt 
out  the  cell  to  be  removed,  before  it  is  disconnected. 

The  jumpers  used  for  this  purpose  are  made  in  several  forms, 
frequently  of  flexible  wire,  although  solid  wire  is  often  used. 
In  some  cases  it  is  convenient  to  have  a  battery  connector 
soldered  to  one  or  both  ends**  while  in  other  cases  the  bare 
Avire,  with  the  strands  soldered  if  flexible,  is  preferable.  The 
arrangement  and  length  depend  largely  upon  the  type  of  cells 
with  which  the  jumper  is  to  be  used.  For  instance,  if  work- 
ing about  gravity  cells  employing  round  zincs,  it  is  usually  con- 
venient to  have  two  jumpers,  each  about  2^  ft.  long,  one  hav- 
ing connectors  soldered  to  each  end  and  the  other  with  a  con- 
nector on  one  end  only. 

To  remove  the  cell  at  the  negative  end  of  the  battery,  one  end 


•When  the  bell  battery  is  located  directly  at  the  crossinfir,  as  for  in- 
stance, in  a  box  at  the  foot  of  the  bell  post,  the  batteryman  can.  of 
cour.se,  guard  the  crossing:  while  he  is  working  on  ft 

♦•See  D.  C.  Track  Circuits, —  IViring  in  Battery  Shelters. 
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of  the  jumper  having  the  two  eonnectors  is  attached  to  the  ad- 
ditional tap  on  the  terminal  wire,  and  the  other  to  one  of  the 
zinc*  hanger  wires  of  the  secoiid  cell.  Thus  the  first  cell  is 
bridged,  by  the  jumper,  and  may  now  be  removed  without  break- 
ing the  circuit. 

342.  If  desired  to  remove  the  second  cell,  the  same  juniper 
may  be  connected  from  a  hanger- wire  of  the  zinc  in  the  firsf 

A-     --,  cell  with  one  in  the  third, 

as  shown  by  jumper  A, 
Fig.    135.     This   will   of 
^^''  ^  course  shunt  out  two  cells 

Fi«.  135  but  if  it  is  desired  to  have 

tjie  first  cell  working  while  the  second  is  out,  jumper  B  may  be 
connected  as  shown  and  jumper  A  removed  or  simply  discon- 
ii(*cted  at  one  end,  being  replaced  when  the  cell  is  again  to  be 
connected  into  the  battery. 

The  same  method  may,  of  course,  be  followed  for  all  other 
(•ells  in  the  battery  except  the  last,  in  which  case,  the  jumper 
with  the  two  connectors  is  attached  to  the  connector  soldered 
onto  the  spare  tap,  with  a  short  piece  of  bare  wire  (just  long 
(*nough  to  be  fastened  into  both  connectors.  The  other  jumper 
may  then  be  used  as  before,  after  the  jar  is  taken  out. 

343.  In  Pig.  136  is  shown  a  special  connector  that  is  sometimes 
used  when  jumping  out  cells  of  batter>^  The  jumper  is  bound 
into  the  hole  and  the  lower  end  may  be  clamped 
around  a  battery  connector,  at  the  same  time  al- 
lowing either  of  the  wires  ordinarily  held  by  the 
ccmnector.  to  be  released. 


344.  In  somt*  instances,  the  stub  of  a  worn  out 
crowfoot  zinc  or  the  binding  post  and  remaining 
piece  of  a  circular  zinc,  are  attached  to  a  jumper 
and  replaced  directly  in  the  electrolyte  of  the  cell 
thus  forming  a  temporarj^  positive  plate;  also,  a 
temporary  nc^gative  plate  may  be  formed  with  a 
piece  of  copper,  although  the  zinc  stub  is  often  used 
for   this    purpose,    being    allowed   to   come    in   con- 


Fiff.   IS6 


tact  with  the  copper,  as  it  quickly  becomes  copper  coated. 


ParmGnent 
wire 
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346.  The  method  of  ** jumping  out'*  cells,  as  just  described 
for  gravity  batteries,  applies  in  general  to  the  other  type  of 

batteries.     It  is  often  convenient 
^^^^^_^^  to  have  an  additional  binding  nut 

X-JJ  Temporonj^      to  use  when  securing  the  jumper 

to  an  element  as  shown  in  Pig. 

Pfencil  zinc         ^^^'  while  Other  methods  w^ill  be 
"^  found  to  apply  to  other  types  of 

cells. 

PiB.  1S7 

346.  When  jumping  out  caustic  soda  or  potash  cells  it  is  de- 
sirable, on  account  of  their  low  internal  resistance,  to  discon- 
nect the  cell  as  soon  as  possible  after  the  temporary  jumper  is 
in  place,  as  when  both  are  connected  the  cell  or  cells  included 
by  it  are  on  short  circuit. 

If  convenient  it  is  good  practice  to  test  the  voltage  of  a  bat- 
tery \vhen  the  jumper  is  connected,  to  insure  that  it  is  making 
good  connection. 

347.  After  completing  work  of  any  kind  on  a  battery,  it 
should  be  tested  with  a  voltmeter  or  other  suitable  instrument 
to  insure  that  all  connections  are  in  good  condition. 

348.  Special  lamps,  having  large  oil  fonts,  are  frequently 
provided  for  heating  battery  houses  (Art.  91),  although  hand 
or  signals  lanterns  are  often  all  that  is  necessary. 

349.  Records.  It  is  desirable  to  keep  a  record  of  all  work  done 
on  line  and  bell  batteries,  in  a  similar  manner  to  that  described 
in  D.  C.  Track  Circuits;  in  fact,  it  is  more  necessary  in  this  case, 
as  some  types  of  battery  employed  on  crossing  alarms  require 
no  attention,  except  inspection,  for  several  months  at  a  time, 
and  unless  a  record  is  kept  it  wull  often  be  difficult  to  remember 
just  w^hat  work  was  last  done  on  them,  or  in  the  case  of  sal- 
ammoniac  batteries,  when  an  entire  renewal  will  be  needed. 

360.  If  at  any  time  an  open  circuit  battery  should  become 
accidentally  short  circuited  or  closed  and  the  bell  kept  ringing 
continuously,  a  record  should  be  made  of  the  occurrence,  for 
example,  as  follows: 
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1909 

April    8th.    Battery   short   circuited    8   hours   and   run   down;*    left 
on  open  circuit. 

s 

April  16th.     Put   In   service   again.      1.3    volts   per   cell. 

May    26th.    1  jar  broken,   new  solution. 

June  17th.    Bell    rung    continuously,    3^     hours;     battery    kept     In 
service. 

361.  A  similar  record  is  also  desirable  with  caustic  soda 
and  potash  batteries,  as  their  condition  is  not  easily  determined 
by  their  appearance. 

With  gravity  batteries  on  light  work,  a  record  of  the  cleaning 
of  the  zincs  and  of  the  density  of  the  solution,  is  all  that  is  re- 
quired. However,  on  line  circuits,  operating  low  resistance  in- 
struments, where  these  cells  sometimes  require  almost  as  much 
attention  as  those  on  track  circuits,  a  similar  record  should  be 
kept. 


HIGH   VOLTAGE   APPABATUS 

362.  When  employing  current  from  high  voltage  circuits  to 
operate  signal  apparatus,  considerable  care  must  always  be  ex- 
ercised to  avoid  the  possibility  of  dangerous  shocks  to  those 
whose  duty  it  is  to  work  about  the  apparatus.  It  should  be 
remembered  that  although  there  may  be  considerable  resistance 
between  the  high  voltage  circuit  and  the  point  where  a  person 
might  come  into  contact  with  the  apparatus,  yet  the  resistance 
of  the  person's  body  may  be  so  high  that  the  potential  to  which 
he  would  be  subjected  would  produce  a  severe  shock,  and  while 
it  might  not  injure  him  directly,  it  might  cause  him  to  fall 
from  a  pole  or. ladder. 

In  most  cases  one  side  of  the  high  voltage  circuit  is  grounded 
so  that  if  a  person  stands  on  the  ground  and  comes  into  contact 
with  the  signal  circuit  at  only  one  point  he  may  receive  a 
shock. 

# 

363.  When  installing  any  of  this  type  of  apparatus  in  in- 
sured buildings  it  must  of  course  be  done  in  accordance  with  the 

•A  common  term  used  to  signify  badly  polarized. 
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rules  of  the  Board  of  Fire  Underwriters,*  which  require  special 
protection  for  high  voltage  circuits. 

364.  Lamps:  When  lamps  are  to  be  used  as  resistance  and 
it  is  desired  to  calculate  the  number  required,  it  should  be  re- 
membered that  their  hot  resistance  differs  from  their  cold  re- 
sistance, that  of  carbon  lamps  being  less,  and  that  of  tungsten 
and  tantalum  being  greater,  when  hot  than  when  cold.** 

366.  In  some  cases  the  lamps  are  arranged  to  bum  brightly ; 
that  is,  at  their  normal  voltage  for  lighting  purposes,  while  in 
other  cases  the  voltage  at  their  terminals  is  kept  considerably 
below  that  required  to  give  full  brilliancy.  The  life  of  the  lamps 
should,  of  course,  be  much  longer  when  the  latter  method  is  em- 
ployed. It  is  advisable,  however,  when  one  or  more  lamps  are 
connected  in  multiple  with  the  operated  circuit,  or  circuits,  to 
arrange  at  least  one  of  the  lamps  in  the  shunt  circuit  so  that  it 
will  glow  suflficiently  to  be  observed  by  the  maintainer,  in  order 
that  he  may  know  that  this  branch  of  the  circuit  is  closed  and 
giving  the  proper  protection. 

366.  If  the  lamps  are  to  bum  at  their  full  brilliancy,  their 
resistance  can,  of  course,  easily  be  calculated  from  their  rating, 
but  if  not,  it  may  be  foimd  necessary  to  determine  it  by  meas- 
urements. 

• 

367.  Fuses:  The  leads  from  the  high  voltage  circuits  are 
usually  first  carried  through  suitable  fuses,  so  that  if  any  part 
of  the  apparatus  becomes  grounded  the  fuse  will  be  blown  be- 
fore a  dangerous  overload  can  result. 

368.  When  working  about  these  fuses,  it  should  be  borne  in 
mind  that  one  terminal  of  the  fuse  is  directly  connected  to  the 
high  voltage  circuit,  and  therefore  in  order  to  avoid  receiving 
shocks,  the  maintainer  should  insulate  himself  from  the  ground, 
for  instance,  by  standing  on  a  dry  piece  of  board. 


♦See  Art.  316.  ' 

**See  Matrnetlmn  and  Electricity, — Resistance  lamps. 
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369.  In  some  cases  a  fuse  is  also  placed  in  the  circuit  next 
to  the  ground  or  rail  connection.  By  removing  both  fuses  the 
whole  of  the  signal  apparatus  is  free  from  any  connection  either 
with  the  high  voltage  line  or  the  ground,  and  will,  of  course,  be 
safer  than  when  connected  with  the  ground. 

360.  Cartridge  fuses  are  usually  the  most  desirable  type  to 
employ  in  this  class  of  work,  as  they  are  convenient  to  handle 
and  as  there  is  no  danger  of  them  setting  fire  to  adjacent  wood- 
work. 

361.  Switches:  As  stated  in  Art.  81,  it  is  desirable  to  in- 
stall switches  by  means  of  w^hich  the  signal  circuits  may  be 
disconnected  from  the  high  voltage  circuit.  The  switch  is  usual- 
ly placed  in  the  circuit  next  to  the  fuse  so  that  when  open  all 
other  apparatus  wull  be  dead. 

362.  It  is  usually  considered  the  best  practice  to  employ 
snap  switches  for  this  class  of  work,  in  order  to  avoid  the  pos- 
sibility of  drawing  an  arc  at  the  contacts  when  opening  the 
switch. 

363.  HowTver,  on  account  of  the  small  current  usually  car- 
ried, properly  designed  knifc^' switches  are  sometimes  satisfac- 
tory. When  thus  employed  they  should  be  mounted  in  such 
a  way  that  the  handle  will  be  down  when  the  switch  is  open, 
thus  preventing  them  from  becoming  accidentally  closed  by 
gravity. 

They  should  be  opened  with  a  quick  motion  so  as  to  avoid  an 
arc.  However,  if  an  arc  should  form  and  hold  after  the  switch 
has  been  fully  opened  it  should  at  on(*e  be  broken  by  pa&s- 
ing  a  piece  of  dr}'  board  or  other  insulating  substance  through 
the  arc.  If  there  is  no  insulating  material  at  hand  which  may 
b(»  used  for  this  purpose  it  is  better  to  close  the  switch  again 
until  something  can  be  obtained.  If  not  immediately  extin- 
guished, the  arc  will  melt  the  metal  parts  of  the  switch. 

364.  It  is  usually  good  practice,  when  working  about  the 
switches  or  their  connections,  to  first  remove,  or  as  it  is  usuallv 
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termed  pull  the  fuses,  thus  opening  the  circuit  beyond  the 
switches  so  that  no  shock  will  be  received  when  in  contact  with 
them. 

366.  Shelters :  The  fuses,  switches,  and  resistances  are  usual- 
ly mounted  together  in  a  weather-proof  box  the  general  con- 
struction of  which  is  similar  to  that  used  in  relay  boxas.  This 
box  is  usually  placed  about  8  ft.  above  the  ground  so  that  it 
cannot  easily  be  tampered  with. 

BELLS  AND  BELL   SHELTERS 

366.  The  selection  of  the  bell  and  the  method  of  sheltering  it, 
while  in  many  cases  governed  by  standard  practice  on  the 
various  roads,  may  also,  of  course,  depend  considerably  upon 
local  conditions,  such  as  the  weather,  likelihood  of  interfer- 
enee,  etc.* 

367.  Mounting:  The  bells  are  generally  fastened  to  posts, 
and  other  supports  made  of  wood,  with  large  wood  screws,  and 
to  iron  posts,  etc.,  with  bolts  or  clamps. 

Skelt^ton  frame  bells  and  similar  types,  and  double  gong  bells 
are  usually  hung  with  the  gongs  downward. 

Owing  to  the  height  of  the  bell  above  the  groimd  (Art.  43) 
it  is  customary  to  provide  a  ladder,  which  may  be  hinged  in 
the  middle.  It  may  be  kept  in  the  battery  house  or  other 
convenient  building. 

368.  Small  bells  or  buzzers  are  often  mounted  on  the  outside 
of  buildings,  as  in  the  case  of  a  tell-tale  bell  or  buzzer  at  a 
freight  house  (Art.  191)  or  a  flagman's  annunciator  over  the 
cabin  door.  In  such  instances  when  skeleton  frame  bells  are 
employed,  a  wooden  box  is  usually  provided  having  screens  in 
front  and  at  the  sides  of  the  gong. 

In  some  cases,  in  order  that  the  bell  or  buzzer  may  be  heard 
both  inside  and  outside  the  building,  a  hole  is  cut  through  the 
wall  into  the  box. 


♦« 


See  Art.s.  47-48. 
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369.  Adjustment:  The  adjustment  of  th«  bell  is  a  very 
important  matter,  as  a  good  bell  may  work  very  poorly  or  not 
at  all  if  not  properly  adjusted. 

The  proper  adjustment  of  different  types  of  bells  varies  con- 
siderably and  in  fact  different  bells  of  the  same  type  often  differ 
noticeably  in  this  respect  so  that  the  adjustment  of  each  bell 
usually  becomes  more  or  less  a  matter  of  experiment.  However 
a  few^  rules  may  be  laid  down  which  will  serve  as  a  guide  in 
most  cases,  for  adjusting  skeleton  frame  bells  and  other  similar 
types. 

370.  The  first  point  to  be  ascertained  is  that  the  circuit  is 
arranged  to  supply  sufficient  current  to  operate  the  bell.  This 
may  be  tested  with  a  mil-ammeter  placed  in  series  with  the  bell, 
or  if  it  is  desired  to  test  with  a  voltmeter,  it  should,  of  course, 
be  connected  across  the  terminals  of  the  bell  and  a  reading 
taken  when  the  circuit  breaker  is  closed, 

371.  Armature  Hanger.  The  armature  hanger,  when  ad- 
justable, is  usually  set  so  that  the  armature,  when  the  magnet 
is  energized,  will  extend  parallel  to  a  line  drawn  between  the 
pole  faces  of  the  magnet;  that  is,  if  the  magnet  is  provided 
with  stops  the  armature  will  rest  on  both  evenly.  It  is  consid- 
ered good  practice  in  some  cases  to  have  the  armature  strike 
the  lower  stop  and  just  clear  the  upper  one.  If  it  strikes  the 
upper  one  first,  the  leverage  thus  produced  is  likely  to  greatly 
weaken  the  blow  on  the  gong. 

As  one  of  the  screw^  heads  holding  the  armature  hanger  is 
often  placed  on  the  under  side  of  the  base,*  this  adjustment 
must,  in  such  cases,  be  made  before  the  bell  is  put  in  place. 

372.  Armature  and  Stop.  The  armature  should  not  be  al- 
lowed to  approach  the  pole  faces  closer  than  ^'j  in.,  and  when 
an  adjustable  stop  is  provided  it  should  be  set  accordingly. 

373.  Hammer  and  Gong.  A.fter  the  armature  has  been  prop- 
erly adjusted  the  hammer  should  be  so  arranged  that,  when  the 
armature  is  attracted  and  held  against  its  stop,  the  hammer  will 


♦See  Fig.  2. 
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just  clear  the  gong,  allowing  it  to  vibrate  freely  if  struck  having 
no  muffling  or  deadening  effect  on  the  gong. 

When  the  gong  is  drilled  off  center  this  adjustment  is  ob- 
tained by  turning  it,  but  in  case  this  method  is  not  available, 
the  desired  result  may  be  obtained  by  carefully  bending  the 
hammer  rod.  When  doing  this  it  is  usually  better  to  remove 
the  armature  and  hammer  from  the  bell  so  as  to  avoid  injuring 
the  other  parts. 

374.  Teymon  Spring.  The  adjustment  of  the  tension  spring 
should  be  such  that  it  will  draw  the  armature  back  its  full 
stroke  and  bring  the  contact  points  together  with  considerable 
pressure,  which  will  be  indicated  by  the  bending  of  the  contact 
spring  (or  springs).  At  the  same  time  the  tension  spring  must 
not  be  adjusted  so  tight  that  it  will  prevent  the  magnet  when 
energized,  from  drawing  the  armature  with  a  strong  pull  and 
thus  delivering  a  good  blow  on  the  gong. 

Another  consideration  is  the  wear  on  the  contact  points  by 
pressure  on  them.  If  this  pressure  is  too  great  it  will  cause  them 
to  wear  out  in  a  short  time. 

376.  Contact  Screw.  As  the  contact  screw  serves  to  limit 
the  backward  stroke  of  the  armature  and  also  affects  the  bend- 
ing of  the  contact  spring,  its  adjustment  must  be  considered 
in  conjunction  with  that  of  the  tension  spring. 

It  will  often  be  found,  especially  with  the  large  bells  used  in 
alarm  work,  that  the  armature  and  hammer  act  as  a  pendulum 
and  will  operate  most  satisfactorily  if  allowed  to  have  a  swinging 
motion  which  is  governed  to  a  large  extent  by  their  length.* 
This  motion  is  of  course  modified  by  the  action  of  the  springs, 
but  usually  a  length  of  stroke  can  be  found  by  slowly  moving 
the  adjustments,  which  will  produce  the  desired  result.  After 
this  has  been  determined,  it  is  usually  well  to  loosen  the  tension 
spring  slightly  or  advance  the  contact  screw  a  fraction  of  a 
turn,  in  order  to  allow  for  weakening  of  the  battery  which, 
especially  with  the  sal-ammoniac  types  and  dry  cells,  is  likely 
to  occur  after  the  bell  has  been  ringing  continuously  for  several 
minutes. 


*See  Elements  of  MechantcM. 
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376.  Maintenance:  Contact  points.  The  contact  points  on 
the  circuit  breaker  of  the  bell  are  usually  its  weakest  point.  The 
arcing  which  takes  place  between  them  tends  to  blacken  thein 
and  make  poor  contact.  While  the  motion  between  the  contact 
surfaces  tends  to  clean  them,  it  is  often  inefficient  in  this  re- 
spect, and  in  any  case  it  is  very  good  practice  to  inspect  the  con- 
tacts occasionally  and  observe  their  condition,  noting  how  much 
they  have  worn,  so  that  the  platinum  or  other  material  may  be 
renew<*d  before  becoming  entirely  worn  out  and  causing  failure. 

377.  In  many  cases  especially  on  smaller  bells  one  contact 
point  is  smaller  than  the  other  and  cuts  into  it.  forming  a  hol- 
low where  dirt  will  lodge.  In  such  instances,  the  larger  point 
must  be  filed  off  until  it  presents  a  smooth  surface.  Care  should 
be  exercised,  in  doing  this,  not  to  remove  any  more  material 
than  is  at^tually  necessary,  as  platinum  is  very  expensive  and 
the  life  of  the  contact. is  lessened  with  each  filing. 

378.  Trunnion  Bearings.  Che  condition  of  the  trunnion  bear- 
ings should  be  observed  when  inspecting.  Conical  trunnions 
when  worn  develop  lost  motion  which  tends  to  put  the  contact 
points  out  of  alignment.  Cylindrical  trunnions  have  been  kno\sii 
to  cause  a  failure  of  the  bell  by  becoming  so  rusty  that  they  held 
the  hammer  in  one  position,  l^nless  the  bearings  are  employed 
to  carry  current  it  is  well  to  keep  them  moist  with  a  good  quality 
of  machine  oil.*  Even  on  bearings  which  are  required  to  carry 
current,  a  small  quantity  of  oil  is  less  objectionable  than  mucth 
rust,  as  the  rust  also  acts  as  an  insulator. 

379.  Springs.  Spiral  springs  tend  to  stretch,  and  flat  springs 
to  lose  their  set  (become  bent  out  of  their  original  shape).  These 
changes  may  in  time  require  the  altering  of  the  adjustments. 

All  springs  in  time  become  fatigued**  by  constant  bending 
and  will  finally  break.  Their  length  of  life  in  this  respect  is 
determined  somewhat  by  the  material  from  which  they  are  made. 
Steel  is  probably  the  best ;  then  in  the  order  named  come  german 

♦"Hydrol"  or  "Zero  Test"  Oil,  are  good  for  this  purV)ose. 

♦♦A  change  occurs  in  their  physical  properties  the  metal  hecoming- 
brittle. 
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silver,  phosphor  bronze,  and  brass.  Of  course  steel  has  a  tend- 
ency to  rust  and  under  such  conditions  may  not  last  as  long  as 
some  of  the  other  metals. 

The  life  of  a  spring  is  difficult  to  determine,  therefore  the 
maintainer  should  always  be  provided  with  substitutes  when 
inspecting.  If  in  doubt  as  to  the  condition  of  a  spring  he  should 
stretch  or  bend  it  considerably  further  than  is  required  by  the 
operation  of  the  bell  and  if  it  again  assumes  its  normal  position, 
it  may  be  considered  good  for  longer  service.  If,  however,  it 
is  nearly  fatigued,  the  extra  strain  will  be  likely  to  break  it  or 
leave  it  so  far  from  its  normal  length  or  shape  as  to  indicate  that 
it  should  be  replaced. 

380.  Armature  Stops.  The  rapid  succession  of  blows  of  the 
armature  on  its  stop  tend  either  to  wear  the  stop  or  head  it  over 
in  case  it  is  a  core  pin,  or  to  cause  it  to  wear  into  the  armature. 
The  armature  may  thus  be  allowed  to  come  too  close  to  the  mag- 
net, or  the  clear  tone  of  the  bell  be  affected. 

If  the  stop  is  adjustable  this  is  of  course,  easily  remedied  but 
in  the  case  of  core  pins  it  may  be  found  necessary  to  drill  them 
out  and  put  in  new  ones.  However,  these  pins  are  usually  made 
of  sufficient  surface  so  that  they  will  last  for  a  number  of  years 
or  until  the  bell  requires  a  general  overhauling. 

381.  General  Keimirs.  After  a  bell  has  been  in  service  for  a 
number  of  years,  it  will  require  a  general  overhauling.  The 
trunnions  and  their  bearings  b(H*ome  badly  worn ;  the  soft  rubber 
covering  on  the  connecting  wires  becomes  brittle  and  chips  off 
which  may  permit  groiuiding  onto  the  frame,  thus  possibly  caus- 
ing a  short  circuit  or  bridging  the  circuit  breaker;  the  enamel 
chips  off  the  frame  allowing  it  to  rust :  the  hard  rubbcT  or  tiber 
bushings  become*  cracked  or  warped ;  and  the  platcHl  parts  become* 
corroded. 

382.  Spare  Hells.  As  it  is  important  that  the  operation  of 
crossing  alarms  be  interfered  with  as  little  as  possible,  it  is  very 
desirable  that  the  maintainer  be  provided  with  one  or  two  spare 
bells  (according  to  the  number  of  alarms  which  he  maintains) 
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so  that  in  case  one  is  damaged  it  may  be  replaced  without  de- 
lay. " 

383.  Small  Bells  and  Buzzers.  Bells  and  buzzers  located  in 
buildings  such  as  crossing  cabins,  depots,  etc.,  are  sheltered  from 
the  weather,  although  dust  working  in  between  the  contact  points, 
will  sometimes  interfere  with  their  operation.  Many  types  arc 
furnished  with  a  cover,  either  wood  or  metal,  which  assists  in 
protecting  them. 

384.  Failures.  If  a  bell  fails  to  operate  when  connected  to  a 
circuit  of  the  proper  voltage,  this  circuit  should  be  completed  by 
bridging  the  controlling  contacts,  and  then  testing  with  an  am- 
meter* connected  in  series  at  one  of  the  bell  terminals. 

No  reading  or  one  much  belaw  the  normal  current,  indicates 
that  there  is  a  break  or  high  resistance  in  the  circuit. 

A  reading  much  ahox^e  the  normal  current  shows  that  one  or 
more  coils  of  the  bell  are  shunted. 

A  normal  reading  indicates  that  the  bell  is  out  of  adjustment 
or  that  the  armature  is  hindered  from  moving  freely  by  some 
mechanical  defect,  such  as  tight  trunnion  bearings,  due  to  rust, 
etc.  Therefore  in  such  instances  it  is  advisable  to  inspect  the 
bell  with  this  in  view,  operating  the  hammer  by  hand  to  insure 
that  it  moves  freely.  However  it  should  be  remembered  that  a 
shunt  in  the  bell  may  reduce  the  voltage  at  its  terminals,  by 
the  polarization  of  the  battery,  to  such  an  extent  that  the  cur- 
rent flowing  through  the  bell  will  not  be  much  above  normal. 

386.  If  a  break  or  high  resistance  is  Indicated  by  the  test,  it 
may  be  located  by  connecting  one  lead  from  the  voltmeter  to 
one  terminal  of  the  bell  and  touching  the  other  lead  at  various 
points  along  the  path  of  the  circuit  through  the  bell.»  For  ex- 
ample, if  the  bell  is  wired  as  shown  in  Fig.  138,  in  which  bind- 
ing post  A  is  insulated  from  the  base,  while  post  B  is  cast  as 
a  part  of  it,  one  meter  lead  may  be  attached  to  post  B.  When 
the  other  lead  is  touched  on  post  A,  the  meter  will  give  a  normal 
reading  or  higher.     This  lead  should  now  be  touched  at  con- 


•The  term  ammeUr  here,  and  hereafter  in  thi.s  part,  sifirnifics  any  in- 
.strument  giving  a  reading  in  amperes  or  fractions  thereof,  such  as 
mil-amperes,  etc. 
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tact  post  D  and  if  no 
reading  or  a  very  low  one 
is  obtained,  it  indicates 
that  the  trouble  is  in  the 
coils  or  their  connections, 
which  may  be  located  by 
touching  at  joint  C,  and 
comparing  the  drop  across 
one  coil,  with  that  across 
the  other  the  trouble  be- 
ing in  that  portion  of  the 
circuit  around  which  the 
greater  drop  is  obtained. 
If  a  considerable  read- 
ing was  obtained  with  the 
meter  connected  between 
posts  D  and  B  it  shows 
that  the  trouble  is  be- 
tween them.  The  lead 
should  now  be  touched  on 
the  contact  spring,  where 
a  very  low  or  no  reading 
indicates  resistance  in  the 
Fi».  138  contact  point.     If,  how- 

ever, the  reading  is  practically  the  same  the  lead  should  be 
touched  on  the  armature  and  then  on  its  hanger,  where  a 
considerable  difference  between  any  two  readings  will  show  that 
the  defective  condition  has  been  passed,  but  if  a  reading  is 
still  obtained  when  the  lead  is  touched  on  the  hanger  there 
must  be  resistance  between  the  hanger  and  the  base. 


386.  If  a  meter  is  not  at  hand,  a  test  can  be  made  by  touching 
with  a  wire  from  contact  post  D  to  binding  post  B.  If  this  causes 
the  armature  to  be  attracted  it  shows  that  the  magnet  and  its 
connections  are  in  good  condition.  In  this  case,  the  end  of  the 
wire  may  now  be  touched  at  points  E,  F,  and  G  which  will  show 
when  the  defective  connection  has  been  passed,  by  the  magnet 
failing  to  attract  the  armature.  If  the  magnet  failed  to  attract 
its  armature  when  the  wire  was  first  applied,  the  end  should  be 
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taken  from  post  D  and  touched  at  joint  C ;  tlie  armature  should 
then  be  moved  up  against  the  magnet  and  if  held  there  by  the 
latter  it  shows  that  the  trouble  is  in  the  lower  coil  or  its  connec- 
tions«  the  magnet  being  energized  by  current  in  the  upper,  coil 
only ;  if  the  armature  is  not  retained  it,  of  course,  indicates  that 
the  defect  is  in  the  upper  coil  or  its  connections. 

387.  If  the  break  or  resistance  is  show^n  by  tests  to  be  in  one 
of  the  coils  or  its  connections,  the  connections  should  be  ex- 
amined carefully.  The  wire  lead  may  be  broken  or  corroded 
off  inside  the  rubber  tubing  which  is  usually  employed  to  en- 
close it,  or  there  may  be  poor  contact  on  account  of  corrosion, 
where  the  wire  is  fastened  beneath  a  washer  or  binding  post. 

388.  If  it  appears  that  the  circuit  is  dead  open,  that  is.  en- 
tirely broken,  a  magneto  is  useful  in  locating  the  break.  The 
wire  should  be  disconnected  from  one  terminal  of  the  bell  and 
one  lead  from  the  magneto  atta(^hed  in  its  place.  By  touching 
the  other  lead  from  the  magneto  to  various  points  in  the  cir- 
cuit through  the  bell,  while  the  handle  is  being  turned,  the  break 
can  easily  be  located. 

389.  If  the  wire  leading  from  the  outer  turns  of  a  coil  is 
broken  off  close  to  the  spool  a  temporary  repair  can  often  be 
made  by  unwinding  one  turn  and  splicing  to  it.  If  the  end  from 
the  inner  turn  of  wire  is  broken  off  close  to  the  spool  it  is  usually 
necessary  to  re-\iind  the  coil  in  order  to  make  a  repair;  in  such 
cases  therefore  if  the  bell  is  in  service,  it  is  generally  advisable 
to  install  a  substitute  bell. 

390.  If  a  shunt  is  indicated  by  the  tests  described  in  Art.  384, 
assuming  that  the  bell  is  wired  as  shown  in  Pig.  138,  the  ham- 
mer should  be  moved  up  against  the  bell,  thus  opening  the  cir- 
cuit breaker,  while  the  ammeter  is  in  series  with  the  bell.  If  this 
causes  the  pointer  to  go  to  zero,  it  indicates  that  there  is  con- 
nection between  some  of  the  turns  of  wire  in  the  coils,  or  that 
there  is  connection  directly  from  post  A  to  post  D,  the  leads  from 
the  coils  being  crossed.  However  with  bells  in  which  the  cur- 
rent is  allowed  to  reach  the  base,  as  is  done  in  the  types  shown. 
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the  shunt  is  usually  caused  by  the  circuit  being  grounded  onto 
the  base  at  post  A  or  in  one  of  the  coils,  or  their  leads,  and 
therefore  a  reading  will  usually  be  obtained  when  the  circuit 
breaker  is  open.  These  leads  should  now  be  examined  if  this 
has  not  already  been  done,  and  if  found  to  be  in  good  condition, 
the  circuit  breaker  should  be  opened,*  and  the  terminal  of  the 
coil  should  be  disconnected  from  post  A.  If  when  this  is  done 
a  reading  is  still  obtained,  it  shows  that  the  insulation  of  post 
A  from  the  base  is  defective.  If  however  no  reading  is  now  ob- 
tained, it  indicates  that  the  defective  insulation  is  in  one  of  the 
coils. 

391.  If  it  is  necessary  to  loosen  post  A  to  disconnect  the  ter- 
minal wire  of  the  coil  from  it,  the  other  wire,  or  meter  lead,  which 
has  been  connected  to  this  post,  should  be  disconnected,  and  after 
the  terminal  wire  of  the  coil  is  free  from  the  post,  it  should  be 
touched  to  this  wire.  A  reading  thus  obtained  will  show  that 
one  of  the  coils  is  defective,  but  its  absence  will  indicate  that  the 
binding  post  was  defective  b(»fore  it  was  loosened. 

392.  In  ease  the  tests  show  the  defect  to  be  in  the  coils,  the 
wire  should  again  be  connected  to  terminal  A,  and  joint  C  should 
be  opened,  which  may  be  done  by  carefully  untwisting  it  and 
breaking  the  solder  but  taking  care  not  to  break  the  wire.  If 
a  reading  is  still  obtained  wh(»n  the  joint  is  open  the  ground 
is  in  the  upper  coil,  if  not,  it  is  in  the  lower. 

393.  In  bells  where  the  circuit  is  entirely  insulated  from  the 
base,  a  ground  in  each  coil,  or  one  ground  in  a  coil  and  one  on 
a  binding  or  conta(»t  post  or  armature  hanger,  may  shunt  out 
part  or  practically  all  of  the  winding.  In  such  bells  if  it  is 
thought  that  there  is  a  ground,  the  wire  should  be  removed  from 
one  of  the  binding  posts  and  attached  to  one  lead  of  the  am- 
meter, the  other  lead  from  the  meter  being  touched  to  the  base 
fthe  edg(»  of  the  gong  is  a  good  point  if  the  base  is  enameled)  ; 
a  reading  thus  obtained  will,  of  course,  show  that  the  eireuit  is 
grounded  onto  the  base. 


•A  good  method  to   keep   thl.s  open   is   to   fold   up  a   piece  of  naper  so 
as  to  make  several  thicknesses  and  place  it  between  the  contact  surfaces. 
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394  In  order  to  locate  this  ground  more  closely  the  general 
method  already  explained  may  be  employed.  For  instance,  this 
lead  from  the  meter  may  be  attached  to  the  base  (as  by  binding 
it  under  the  screw  or  nut  which  holds  the  gong)  and  the  circuit 
then  disconnected  at  various  points  as  by  opening  the  circuit- 
breaker,  disconnecting  terminals  of  coils  from  binding  or  con- 
tact posts,  etc.,  and  noting  the  effect  upon  the  meter.  The  ar- 
rangement of  wiring  the  bell  will  of  course  modify  the  method 
employed,  but  the  principle,  that  is,  of  disconnecting  portions 
of  the  circuit  until  the  reading  disappears,  is  the  same. 

896.  A  magneto  is  also  a  very  satisfactory  instrument  for 
locating  defective  insulation  in  a  bell.  When  it  is  used,  at  least 
one  of  the  regular  wires  should  be  disconnected  from  the  bell, 
and  it  is  advisable  to  take  off  both,  so  as  to  avoid  the  possibility 
of  a  false  indication  during  the  test. 

One  terminal  of  the  magneto  is  then  connected  to  the  base, 
and  the  other  is  touched  at  various  points  on  the  circuit  through 
the  bell  which  is  disconnected  as  necessary  to  locate  the  ground. 

396.  In  the  absence  of  a  meter  or  other  testing  instrument, 
the  maintainer  can  often  detect  a  ground  by  testing  with  his 
tongue  which  is  very  sensitive  to  the  presence  of  current.  He 
should  first  see  that  he  is  well  insulated  from  the  earth  (as  by 
standing  on  a  dry  piece  of  board)  ;  then  one  of  the  wires  should 
be  disconnected  from  the  bell  and  placed  on  the  tongue,  holding 
it  by  the  insulation,  and  the  base  or  gong  touched  with  the 
finger ;  the  current  produces  a  pricking  sensation  which  if  now 
felt  shows  that  there  is  a  ground  in  the  bell.  If  the  current  is 
not  very  strong  it  is  advisable  to  wet  the  finger  before  touching 
it  to  the  base.  If  on  the  other  hand,  it  is  quite  strong  a  suffi- 
cient sensation  may  be  obtained  on  the  wet  fingers  without  using 
the  tongue. 

If  it  is  found  that  there  is  a  ground  onto  the  base  it  may  be 
located  by  disconnecting  at  different  points  in  the  circuit  and 
again  testing  as  already  described.* 


•The  tongue  tost  will  also  be  found  advantageous  with  other  instru- 
ments, such  as  relays,  etc..  and  occa.sionally  on  circuits,  when  no  other 
means  of  testing  are  at  hand. 
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897.  Cases  sometimes  occur,  in  which  the  hammer  is  drawn 
up  against  the  bell  and  held  there  as  long  as  the  circuit  is  closed. 
This  of  course  shows  that  the  circuit  breaker  is  bridged  as  would 
be  done  by  the  grounding  of  the  contact  post  onto  the  base  in  Fig. 
138,  or  the  lead  from  the  coil  to  it.  It  might  also  be  caused  by 
a  ground  inside  of  the  lower  coil  near  its  terminal,  which,  as 
will  be  seen,  would  allow  most  of  the  turns  of  wire  to  be  effective 
in  magnetizing  the  core. 

398.  Sometimes  it  will  be  found,  especially  in  bells  which  are 
connected  to  circuits  employing  line  wires,  that  the  circuit  will 
be  both  open  and  grounded  in  a  bell  at  the  same  time,  this  being 
caused  by  lightning  discharges  which,  when  jumping  across  in- 
sulation, melt  off  small  wires  and  fuse  them  together  and  to  the 
base  or  cores.  A  magneto  is  usually  most  satisfactory  for  testing 
in  such  instances. 
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399.  In  addition  to  what  has  been  given  in  D.  C,  Relays  and 
Z>.  C  Track  Circuits  regarding  the  installation,  shelter  and  care 
of  relays  the  following  points  should  be  considered  in  highway 
crossing  signal  work. 

400.  Location:  Whenever  possible,  relays  controlling  the 
operation  of  crossing  alarms  should  be  so  located  that  the  main- 
tainer,  when  working  on  them,  can  hear  the  bell  and  can  have 
a  convenient  view  of  the  crossing  and  of  the  highway  approaching 
it  on  both  sides  of  the  track.  This  is  desirable,  in  order  that, 
when  adjusting  or  testing  the  relays,  he  may  observe  the  ef- 
fect upon  the  bell  and  also  avoid  interfering  with  traffic  on  the 
highway. 

401.  When  relays  are  placed  in  battery  houses  they  are  either 
screwed  up  on  the  wall  at  a  convenient  height,  or  placed  on  a 
shelf.  When  set  on  a  shelf,  a  strip  about  i  in.  high  should  be 
nailed  along  the  edge  so  as  to  keep  the  relays  from  falling  off, 
in  case  they  are  moved  by  the  vibration  of  passing  trains. 
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In  battery  houses  where  lamps  are  used,  which  may  produce 
soot,  or  where  it  becomes  very  dusty  in  dry  weather,  it  may 
be  found  advantageous  to  place  the  relays  in  a  dust  proof  box 
screwed  up  inside  the  building. 

Relays  located  in  stations  or  similar  buildings  should  be 
placed  in  a  box  or  case  which  may  be  locked  so  as  to  avoid  in- 
terference. 

402.  When  line  circuits  are  connected  to  relays  which  are 
mounted  in  boxes  on  relay  posts,  it  is  usually  a  good  plan  to 
place  the  relay  posts  on  the  same  side  of  the  track  as  the  pole 
line,  so  that  it  will  not  be  neci*ssary  to  carry  the  line  circuits 
across  the  track. 

403.  Testing:  Before  connecting  up  relays  and  similar  in- 
struments, it  is  well  to  test  their  insulation  with  a  magneto. 

404.  Adjustment:  The  adjusting  of  adjustable  relays  should 
be  done  only  under  the  direction  of  an  experienced  man,  and 
after  a  good  adjustment  has  once  been  obtained  it  is  usually 
undesirable  to  change*  it,  unless  there  has  been  some  permanent 
alteration  made  in  the  operating  circuit,  which  cannot  be  satis- 
factorily taken  care  of  in  any  oth(»r  way.  The  practice,  some- 
tim(»s  followed,  of  altering  adjustments  as  a  remedy  for  a  failure 
is  usually  very  undesirabh*  and  sometimes  dangeroas  as  the 
drop-away  point,  for  instance,  of  a  track  relay  may  be  lowered 
so  much  that  the  armature,  although  releasing  properly  when 
adjusted,  might  fail  to  do  so  if  the  resistance  in  wheel  con- 
tact were  slightly  increased. 

In  some  types  of  interlocking  relays  also,  improper  adjust- 
ment will  have  a  tendency  to  keep  the  relay  locked  and  thus 
prevent  the  alarm  from  operating  properly. 

It  is  much  better  practice,  in  case  a  relay,  which  has  been 
working  w^ell  on  a  certain  adjustment,  becomes  weak  or  operates 
poorly,  to  first  examine  the  operating  circuit  carefully,  to  insure 
that  this  is  not  the  cause  of  the  trouble. 

The  contacts  of  relays,  which  are  not  enclosed  should,  of 
course,  be  tested  regularly  and  cleaned  when  necessary. 
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TIME  CISGUIT  CONTROLLERS 
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406.  The  installation  and  maintenance  of  time  circuit  con- 
trollers is  in  most  respects  the  same  as  that  of  relays. 

Clockwork  mechanisms  and  motors  used  in  these  devices  should 
be  kept  properly  lubricated  with  a  good  quality  of  machine  oil, 
but  care  must  be  exercised  in  its  use  not  to  flood  the  parts  with 
oil,  as  when  so  applied  it  serves  to  collect  dust  and  thus  clog  the 
machine.  After  the  beariQgs  and  other  parts  requiring  lubrica- 
tion have  received  a  proper  amount  of  oil,  all  surplus  oil  should 
be  wiped  off.  A  long  nose  bicycle  oiler  is  convenient  for  use 
in  applying  oil. 

UOHTNINO  ARRESTERS  AND  TERMINAL  BOARDS 

406.  As  mentioned  in  Art.  95,  lightning  arresters  are  often 
omitted  from  the  track  circuits.  On  line  circuits,  however,  their 
use  is  usually  considered  a  more  important  matter,  because  the 
line  wires  which  run  through  the  air  several  feet  above  the 
ground  are  much  more  subject  to  lightning  disturbances  than 
the  rails  which  are  only  one  or  two  inches  above  the  ballast. 

407.  In  this  connection  it  should  be  understood  that  the  pro- 
tection afforded  by  ordinary  arresters  against  lightning  dis- 
charges cannot  be  considered  complete;  that  is,  they  are  not 
designed  to  take  care  of  a  direct  stroke*  of  lightning. 

While  it  would  be  possible  to  make  arresters  that  would  be 
able  to  do  such  work,  such  arresters  would  be  much  more  ex- 
pensive than  the  apparatus  which  it  is  required  to  proteitt. 
Moreover  such  discharges  are  exceptional,  especially  on  the 
ordinarj^  length  of  lines  used  in  signal  work.  When  they  do 
occur,  the  ordinary  arresters,  the  instruments,  and  occasionally 
considerable  of  the  wiring  are  usually  destroyed. 

408.  However  it  is  considered  possible  to  avoid  much  of  the 
damage  which  may  be  done  by  secondary  or  induced  discharges* 
which    frequently    occur,    the  types   of   arresters   described   in 


*See  Mafrnetliiin  and  Klectrtolty. 
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D.  C,  Track  Circuits  being  employed  to  take  care  of  such  dis- 
charges. In  the  diagrams  there  shown,  it  will  be  observed  that 
arresters  are  connected  to  the  circuits  controlled  by  the  track 
relays  as  well  as  to  the  track  circuits.  These  controlled  cir- 
cuits, while  they  are  sometimes  other  track  circuits,  as  for  in- 
stance in  the  case  of  a  relayed  track  circuit,  are  more  often  line 
circuits,  the  wires  from  the  line  in  such  cases  being  connected 
to  the  arresters  in  place  of  those  marked  **from  track". 

409.  In  some  instances  the  arcing  at  the  spark  gap  draws 
metal  across  the  gap  and  permanently  grounds  the  circuit.  In 
order  to  avoid  trouble  from  this  source,  it  is  sometimes  the 
practice  to  connect  the  arresters  so  that  the  fuse  will  come  be- 
tween the  line  and  the  spark  gap.  When  so  arranged  if  suffi- 
cient current  comes  in  to  draw  up  the  metal  at  the  spark  gap, 
the  fuse  will  probably  be  blown  and  the  circuit  thus  opened. 

In  other  cases,  especially  where  the  apparatus  is  not  easily 
reached  and  the  discharges  are  light,  this  arrangement  w^ould 
be  considered  a  disadvantage,  as  the  fuses  might  frequently  be 
blown  by  a  discharge  which  would  not  do  any  other  damage, 
and  thus  the  circuits  would  be  open  and  consequently  out  of 
service  until  the  maintainer  could  get  there  and  replace  the  fuses, 
which  in  many  instances  would  require  several  hours.  In  such 
cases  the  fuses,  when  used,  are  placed  next  to  the  instrument 
so  that  if  the  spark  gap  and  choke  coil  fail  to  relieve  the  dis- 
charge, the  fuse  will  be  blown  before  too  much  current  reaches 
the  instrument. 

410.  In  some  instances  the  arrester  shown  in  D.  C  Track 
Circuits,  which  is  equipped  with  three  ground  plates,  is  arranged 
with  the  two  ground  plates,  2  and  3,  connected  one  to  each  of 
the  wires  leading  to  the  track.  The  reason  for  this  is  that  the 
rails  form  a  partial  ground,  especially  after  it  has  been  raining, 
and  thus  there  wiU  be  a  tendency  for  the  lightning  discharge 
to  jump  to  the  rail  connections  and  be  relieved  in  that  manner. 
With  the  spark  gaps  thus  arranged  this  arcing  can  take  place 
at  this  point  and  so  be  kept  away  from  the  relay. 

411.  When  connecting  up  lightning  arresters  which  are  not 
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arranged  for  the  circuit  to  pass  through  them  such,  for  example, 

as  a  simple  spark  gap  arrester,  the  wir- 
ing should  be  so  arranged  that  the  Ar- 
rester cannot  become  disconnected 
without  opening  the  circuit. 

For  instance,  if  the  arrester  should 
be  connected  as  shovm  in  Fig.  139,  the 
piK.  ISO  breaking  or  disconnecting  of  one  of  the 

taps  as,  for  instance  A,  would  render  the  arrester  useless  for 

relieving  a  lightning  charge  from  line  wire  B,  and  such  a  break 

might  remain  unnoticed  for  some  time. 

• 

412.  On  the  other  hand  if  the  arrester  were  connected  as 
shown  in  Fig.  140,  the  probabilities  are  that  if  any  of  the  saw 
tooth  plates  should  be  disconnected  one 
of  the  circuits  would  be  opened  and 
thus  the  defective  condition  would  at 
once  be  noticed  and  remedied.     It  is, 
of  course,  the  best  plan  except,  pos- 
sibly,   in    the    case    of    the    common 
wire,    to    use    an    arrester    with    two  Figr.  i4o 
binding  posts  for  each  wire  so  that  the  circuit  will  have  to  pass 
through  a  portion  of  it  to  be  complete. 

413.  Grounds*  In  order  to  carry  off  discharges  satisfactorily, 
the  path  from  the  line  to  ground  must  be  as  free  as  possible 
from  inductance  and  resistance  except  of  course  the  spark  gap 
which  should  be  as  short  as  possible.  If,  when  using  ground 
rods  or  pipes**  driven  into  the  ground,  one  is  found  not  to  have 
sufScient  conductivity,  two  or  more  connected  in  multiple  may 
be  used,  but  they  should  not  be  driven  close  together,  as  it  has 
been  found  that  two  rods  or  pipes  placed  close  together  have 
about  as  much  resistance  as  one.  If  a  space  of  6  ft.  or  more 
is  allowed  between  them,  they  get  separate  '* current  fields''  and 
both  become  effective  in  reducing  the  combined  resistance  to 
ground. 

414.  If  the  ground  is  quite  dry  and  therefore  unfavorable 


*See  D.  C.  Track  Clrcaltn. 

••A  piece  of  1  in.  gralvanlzed  Iron  pipe  of  suitable  length  Is  satisfactory. 
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for  grounding,  several  handf uls  of  salt*  placed  at  the  top  of  the 
rod  or  pipe,  and  wet  occasionally  with  a  pail  or  two  of  water 
will  tend  to  reduce  the  resistance  of  the  ground.  The  brine  thus 
formed  soaks  into  the  ground  to  a  considerable  depth  and  retains 
much  of  the  moisture  that  collects  about  the  rod. 

416.  When  installing  arresters  in  which  fuses  are  employed, 
care  should  be  taken  to  see  that  no  fuses  are  connected  so  that 
a  dangerous  condition  could  be  caused  by  the  fuse  being  blown, 
as  mentioned  in  Arts.  101,  136,  etc.  If  the  location  of  the  ar- 
rester is  su(^h  that  the  blowing  of  the  fuse  woidd  cause  such  a 
condition,  the  fuse  should  be  omitted,  a  piece  of  copper  wire  of 
the  same  size  as  that  used  in  the  w^iring,  being  connected  across 
the  space  ordinarily  occupied  by  the  fuse. 

416.  Location:  The  location  of  arresters  and  terminal  boards 
or  terminals,  when  placed  in  relay  boxes,  is  of  course,  the  same 
as  described  in  D.  C.  Track  Circuits, 

Their  location  when  used  in  battery  houses  will  be  determined 
largely  by  that  of  the  relays,  or  other  instrmnents,  and  by  the 
manner  in  which  the  wires  are  brought  into  the  building.  The 
type  of  instrument,  that  is  w^hether  it  is  of  the  wall  type  or  not, 
also  tends  to  govern  the  arrangement.  If  the  wires  are  brought 
in  near  the  ground,  as  from  trunking,  and  the  instruments  are 
of  the  wall  type,  it  w-ill  usually  be  found  most  convenient  to 
mount  the  arresters  or  terminal  board  below  the  instruments. 
On  the  other  hand  if  the  wires  are  brought  down  from  the  line 
and  enter  the  building  near  the  top  it  will  probably  be  better 
to  mount  them  above  the  instruments,  especially  if  the  latter 
are  of  the  type  which  are  placed  on  a  shelf.  In  some  instances 
wires  are  brought  in  both  above  and  below  the  instruments,  and 
as  it  is  usually  desirable  to  have  the  arresters  or  terminals  all 
in  one  group,  their  location  will  have  to  be  determined  by  the 
type  of  instruments  used,  convenience  for  inspection,  etc.,  also 
being  one  of  the  important  considerations. 

417.  Maintenance:  Frequent  inspection  of  lightning  ar- 
resters is  necessarv'.  and  especially  so  with  those  connected  to 


•A  cheap  quality  of  rock  salt  is  quite  satisfactory 
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line  circuits,  on  account  of  the  possibility  of  circuits  becoming 
permanently  grounded  through  them. 

418.  A  case  in  which  grounds  in  arresters  may  cause  an  in- 
strument to  be  falsely  energized  is  shown  in  Fig.  141.  If  the 
spark  gap  should  become  bridged,  as  shown  at  X  and  Y,  a  path, 
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indicated  by  arrows,  would  be  formed  aroiuid  the  contact  of 
relay  A  (which  is  open)  and  thus  relay  B  would  be  falsely  ener- 
gized. The  same  effect  would  of  course  be  produced  if  the  gap 
at  W  were  bridged  instead  of  at  X,  or  at  Z  instead  of  at  Y. 

419.  Another  example  of  the  trouble,  which  may  be  caused 
by  grounds  is  illustrated  in  Fig.  142,  in  which  relay  A  is  norr 
mally  controlled  by  relay  B  and  should  therefore  be  de-ener- 


Fl«r.   142 

gized,  as  the  latter  is  open.  However,  on  account  of  connections 
across  the  spark  gaps  at  X  and  Y  in  the  arresters,  relay  A  is 
falsely  energized  by  current  from  battery  C  through  the  path 
indicated  by  arrows.  Relay  D  would  also  be  falsely  energized 
by  current  from  battery  E  if  r(»lay  B  should  be  closed  when  re- 
lay F  is  open,  current  passing  through  the  ground  in  the  opposite* 
direction.  A  similar  effect  would,  of  course,  be  produced  if  the 
spark  gap  at  W  were  bridged  instead  of  at  X,  or  at  Z  instead  of 
at  Y.     In  other  words,  grounds  on  two  wires  amount  to  a  cross 
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between  these  wires,  and  if  they  are  each  control  wires  whose 
circuits  use  the  same  common  return  wire,  or  if  one  is  a  battery 
wire,  the  instrument  operated  by  either  circuit  is  likely  to  be 
falsely  energized.  It  will  also  be  noted  that  the  two  grounds 
causing  the  trouble  may  be  several  miles  apart,  that  is  any- 
where within  the  limits  of  the  same  common  wire.  For  this, 
as  well  as  other  reasons,  it  is  customary  on  some  roads  to  limit 
to  a  few  miies,  the  length  of  common  return  wires  (Art.  592). 

420.  As  a  ground  may  remain  effective  for  a  long  time  un- 
less discovered  when  inspecting,  such  inspections  should  be  verj- 
thorough,  it  being  desirable  to  occasionally  test  all  wire  for 
grounds.  This  may  be  done  by  connecting  one  terminal  of  a 
magneto  to  the  ground  wire  and  while  the  handle  is  being  turned, 
to  touch  the  lead  from  the  other  terminal  to  each  wire  connected 
to  the  arrester  successively,  a  ring  obtained  on  any  wire  indicat- 
ing that  it  is  grounded.  When  conducting  this  test  the  lead 
which  is  touched  to  the  various  wires  should,  of  course,  first  be 
touched  to  the  ground  plate  to  insure,  by  getting  a  ring,  that 
all  connections  are  good. 

421.  If  a  ring  is  obtained  on  any  wire  it  should  be  completely 
disconnected  from  the  arrester  and  the  test  repeated  first  on  the 
arrester  terminals  and  then  on  the  wire.  A  ring  obtained  on 
the  arrester  will  of  course  show  that  it  is  defective.  If  a  ring 
is  obtained  on  the  wire,  it  will  indicate  that  it  is  grounded  at 
some  other  point  or  points.  Other  arresters  on  the  circuit  should 
then  be  tested  in  a  similar  manner  until  the  ground  or  grounds 
are  located  and  removed  and  the  circuit  gives  no  ring  to  ground. 

422.  Another  test  which  is  often  convenient  especially  on 
normally  closed  circuits,  is  to  ground  one  terminal  of  a  voltmeter 
and  touch  the  lead  from  the  other  terminal  to  each  wire  succes- 
sively. If  a  reading  is  obtained  when  this  lead  is  touched  to  the 
common  wire  it  wall  indicate  that  some  control  wire,  whose  cir- 
cuit is  connected  to  this  common,  is  grounded.  If  a  reading  is 
obtained  from  a  control  or  battery  wire  it  indicates  that  the 
connnon  wire  is  grounded. 
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423.  On  installations  where  it  is  the  practice  to  have  the  com- 
mon wire  permanently  grounded  the  magneto  and  voltmeter 
tests  just  described  cannot,  of  course,  be  employed.  In  such  cases 
each  arrester  or  group  of  arresters  should  be  tested  by  discon- 
necting the  ground  wire  and  testing  with  amagneto  between 
the  ground  plate  of  the  arrester  and  each  wire  connected  to  it. 
After  the  test  is  completed  and  the  ground  wire  again  con- 
nected it  is  well  to  insure  that  the  ground  connection  is  good  by 
getting  a  ring  on  the  magneto  between  the  ground  plate  of  the 
arrester  and  a  separate  ground  such  as  may  be  obtained  by 
touching  on  an  iron  bell  post  or  in  a  pool  of  water. 

424.  Care  should  be  taken  not  to  handle  arresters  or  terminals 
with  hands  which  are  moist  with  battery  solution,  on  account 
of  its  corrosive  effect.  However,  if  an  arrester  or  terminal 
should  become  badly  corroded  from  this  or  any  other  cause,  it 
should  be  replaced. 

ANNUNCIATORS 


426.  The  installation  and  maintenance  of  annunciator  bells 
is  described  in  Arts.  368  and  383.  When  installing  such  bells 
the  batteries  and  relays  employed  with  them  are  generally 
placed  upon  a  shelf,  or  in  a  cupboard,  built  for  this  purpose,  in 
the  flagman's  cabin. 

426.  An  arrangement  of  circuits  which  may  sometimes  be 
used  to  advantage  where  it  is  necessary  to  install  an  annunciator 
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as  quickly  as  possible,  or  where  there  is  a  likelihood  of  changes 
being  made  in  the  track  circuits,  is  illustrated  in  Fig.  143.    In 


lo8  HIGHWAY  CROSSING   SIGNALS 

this  arrangement  the  polarity  of  circuit  A  is  controlled  by  neutral 
contacts  on  relay  B.  The  line  circuit  of  the  annunciator  is  con- 
trolled through  both  neutral  and  polarized  contacts  on  relay  A. 
Thus  the  presence  of  a  train  on  either  track  circuit  will  hold 
the  line  circuit  open  and  consequently  ring  the  bell.  However, 
the  additional  apparatus  controlled  by  the  upper  neutral  eon- 
tacts  on  relay  A,  and  that  controlled  by  the  upper  contact  on 
relay  B  will  each  operate  for  trains  on  their  own  circuit,  being 
entirely  independent  of  each  other.  The  additional  apparatus 
controlled  by  relay  A  must,  of  course,  be  provided  with  the 
proper  slow  releasing  feature,  to  retain  it  in  position  during  the 
change  of  polarity. 

Thus  it  is  evident  that  the  cutting  of  the  line  circuit  at  relay 
B  is  avoided  and  therefore  the  circuit  may  be  installed  quickly. 
Also,  if  it  is  desired  to  take  out  the  cut  section  at  relay  B,  it  may 
be  removed  without  requiring  a  change  in  the  annunciator  cir- 
cuit wiring. 
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427.  Location:  Cut-out  switches,  and  keys  or  switches  for 
us(?  when  testing  the  condition  of  alarms,  while  sheltered  from 
the  weather,  must  of  course,  be  accessible  to  those  whose  duty 
it  is  to  operate  them. 

When  the  relays  employed  are  mounted  in  a  relay  box,  these 
keys  or  switches  are  often  placed  in  a  separate  compartmi^nt  in 
the  lower  part  of  the  box,  the  door  of  which  is  secured  with  a 
separate  lock,  generally  a  switch-lock.*  Thus  the  alanns  may 
be  tested,  or  cut  out,  if  ringing  continuously,  by  the  track  patrol- 
man or  other  person,  who  has  no  occasion  to  get  at  the  relays  or 
other  apparatus. 

428.  Where  a  battery  house  is  used  a  small  box,  similar  to  a 
relay  box,  is  attached  to  the  outside  of  the  building  at  a  con- 
venient height  (usually  from  4  to  5  ft.)  holes  being  bored 
through  the  back  of  the  box  into  the  building  for  the  wires. 

•That  Is.  tlie  pad-lock  used  on  hand  switches :  as  moat  employes  are 
provided  with  keys. 
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It  m  advusabk  to  have  the  door  hing^  at  the  top,  ^m)  that  if 
(carelessly  left  unfastened  it  will  remain  closed. 

429.  Mounting:  Cut-out  switches  when  of  the  knife  switch 
pattern  should  be  mounted  so  that  the  handles  will  be  down 
when  closed,  but  when  open  will  swing  back  far  enough  to  re- 
main open  if  placed  in  that  position.  When  thus  arranged  then* 
will  be  no  danger  of  them  opening  by  gravity. 

430.  When  used  as  test  keys  knife  switches,  if  arranged  twr- 
molly  open  and  connected  so  as  to  shunt  the  current  out  of  the 
track  relays,  should  be  mounted  so  that  the  handles  will  be  dotvn 
when  the  switch  is  open  and  thus  cannot  be  closed  by  gravity. 
If  arranged  normally  closed  and  connected  in  series  with  the 
track  circuits,  the  handles  should  of  course  be  dow7i  when  closed, 
and  so  arranged  that  it  cannot  swing  back  and  remain  open. 


u. 


s 
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Flff.   144 

through  it,  thus  allowing  them  to  be  operated. 


431.  One  method  of 
mounting  a  test  key,  is 
shown  in  Fig.  144.  It 
will  be  observed  that  two 
doors.  1  and  2,  are  em- 
ployed, and  that  door  1 
extends  entirelv  over  the 
three  compartments,  door 
2  being  attached  to  it.  It 
will  also  be  observed  that 
wh(^n  door  2  is  opened, 
door  1  still  closes  the 
lower  compartment,  but 
the  o])erating  portion  of 
the   testing  keys   extends 


432.  Marking:.  Cut-out  switches  and  test  keys  should  bo 
plainly  marked,  as  for  instance,  ** Cut-out  switch'',  and  if  on 
double  track,  the  direction  should  be  given,  a,s  for  examph*, 
** East-bound''  or  *' West-bound ".  Test  keys  on  single  track  are 
usually  marked  according  to  the  location  of  the  circuit  to  which 
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they  are  connected.    For  instance,  **Tcst  key  Eest"  means  that 
this  key  is  used  for  testing  the  easterly  track  circuit. 

433.  It  is  advisable  to  have  all  designations  printed  on  slips 
of  a  good  quality  of  paper  and  pasted  up  close  to  the  switch 
or  key, 

434.  Maintenance:  The  contact  surfaces  of  switches  and 
the  contact  points  of  keys  and  push  buttons  should  be  inspected 
and  cleaned  whenever  necessary  to  insure  good  contact.  Pine 
emery  cloth  is  usually  satisfactory  for  this  work,  although  a  fine 
file  may  be  found  desirable  for  use  on  the  platinum  contacts  of 
keys.  Emery  cloth  filled  with  brass  or  copper  should  not  be  used 
on  platinum  contacts. 

INTESSUFTINO  KEYS 

436.  Location:  When  located  at  the  crossing,  interrupting 
keys  may  be  sheltered  in  the  same  manner  as  just  described  for 
cut-out  sw^itches  and  test  keys,  but  should  be  placed  in  a  separate 
box  or  compartment  from  the  latter  apparatus,  so  that  the  train- 
men will  not  be  confused ;  in  fact,  where  both  are  located  at  the 
same  crossing  it  is  well  to  employ  two  different  style  locks,  using 
the  switch  lock  for  the  box  containing  the  interrupting  keys,  as 
trainmen  generally  carry  switch  keys. 

A  similar  box  to  that  used  on  battery  houses  may  be  employed 
at  freight  houses  or  on  the  outside  of  passenger  stations. 

In  ticket  offices,  etc.,  the  keys  may  be  mounted  directly  on  the 
desk  or  wall,  the  latter  location  usually  being  somewhat  more 
desirable,  as  they  are  less  likely  to  be  operated  accidentally,  as 
for  instance,  when  putting  down  books  or  moving  them  about 
on  the  desk. 

436.  Marking:  In  order  to  avoid  mistakes  in  operation, 
interrupting  keys  should  be  marked  to  indicate  their  fimction. 
as  for  instance  ** West-bound  stopper'',  *' East-bound  starter*'. 

437.  Maintenance:  The  keys  should  be  tested  at  suitable 
intervals,  by  the  maintainer,  especially  starting  keys,  as  their 
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failure  to  operate  properly  might  produce  a  dangerous  condi- 
tion. 

The  contacts  should,  of  course,  be  inspected  and  cleaned  when 
necessary.  If,  as  is  the  case  in  some  arrangements,  it  is  not  de- 
sirable that  the  keys  be  operated  while  the  contacts  are  being 
cleaned  they  may  be  temporarily  disconnected  or  bridged,  as 
described  in  Art.  305. 


OATE  SIONALS 

438.  Gate  signals  are  operated  as  either  absolute  or  permis- 
sive signals  and  are  located  from  100  to  1,000  ft.  from  the 
crossing. 

Absolute  signals  are  usually  located  close  to  the  crossing,  so 
that  in  case  a  signal  fails,  the  train  may  approach  close  enough 
for  the  eugineman  to  observe  that  the  gates  are  closed  or  to  re- 
ceive a  hand  signal  from  the  flagman,  and  thus  reduce  to  a  mini- 
mum, the  consequent  delay. 

The  arrangement  of  gates  and  signals  operated  from  an  inter- 
locking machine,  as  mentioned  in  Art.  216,  is  employed  where 
there  is  an  interlocking  plant,  with  the  tower  so  located  that  a 
good  view  is  obtained  of  the  crossing  and  its  approaches. 

In  such  instances  the  gates  are  usually  interlocked  with  the 
most  convenient  main  line  signals.  In  some  cases  it  may  be 
found  advantageous  to  change  the  location  of  a  signal  a  short 
distance  from  where  it  otherwise  would  be,  in  order  to  protect 
the  crossing  properly. 

The  signals  shown  in  Fig.  91  are,  of  course,  installed  and  main- 
tained as  described  in  Z>.  C.  Power  Operated  Signals. 

When  gates  are  operated  by  a  mechanical  interlocking  ma- 
chine, they  are  frequently  pipe  connected,  although  some  types 
are  arranged  to  be  operated  by  wire  connections.  The  length  * 
of  stroke  required,  the  manner  of  connecting  to  the  gates,  etc., 
vary  considerably  in  different  designs  and  will  usually  have  to 
be  taken  care  of  on  the  groimd,  being  arranged  to  suit  the  special 
conditions  arising  at  each  location. 
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FAILURES  OF  BELL  GIR0UIT8 

4S9.  If  a  bell,  whose  circuit  is  controlled  through  only  one 
contact,*  fails  to  ring,  it  is  well  to  test  this  contact  by  bridging 
it  with  a  piece  of  wire.  If  the  bell  rings  when  its  circuit  is  closed 
through  the  wire,  and  not  when  the  contact  is  closed,  it  of  course, 
shows  that  the  contact  is  defective.  If  the  bell  circuit  is  con- 
trolled through  two  or  more  contacts  connected  in  multiple,** 
and  fails  to  ring  when  one  of  them  is  closed,  it  is  well  to  try  the 
others  before  making  any  further  tests,  as  the  fault  may  thus 
be  located  in  one  contact  or  in  the  branch  of  the  circuit  leading 
through  it.  If,  however,  the  bell  fails  to  ring  through  any  of 
the  contacts  controlling  it,  the  next  step  is  to  test  the  source  of 
energy,  which  is  in  most  cases,  of  course,  the  bell  battery,  mak- 
ing sure  that  it  is  able  to  maintain  a  proper  working  voltage  on 
the  circuit  when  the  controlling  contact  is  closed.  If  when  thus 
tested,  the  battery  maintains  its  voltage  properly,  it  indicates  that 
the  trouble  is  elsewhere  in  the  circuit. 

If  an  ammeter  is  convenient,  the  next  step  is  to  connect  it  in 
series  with  the  battery  and  again  close  the  circuit  at  one  of  the 
controlling  contacts.  If  no  reading  is  obtained  it  may  now  be 
assumed  that  the  circuit  is  broken  at  some  point.  If  a  lotv  read- 
ing, that  is,  lower  than  the  normal  current  used  by  the  bell,  is 
obtained,  it  indicates  that  there  is  high  resistance  in  the  circuit. 
The  method  of  procedure  is  the  same  in  either  case. 

440.  Broken  Wire  or  High  Resistance:  If  from  tests  made 
it  is  determined  that  there  is  a  break  or  high  resistance  in  the 
circuit,  it  is  well  to  attach  a  jumper  so  that  it  will  bridge  one 
of  the  contacts  which  completes  the  bell  circuit,  and  then  in- 
spect the  bell,  A  voltage  test  should  first  be  made  at  the  termi- 
nals of  the  bell.  If  a  normal  reading  is  obtained,  it  is  evident  that 
the  bell  is  out  of  order,  and  must  be  tested  as  described  in  Art. 
884.  If  no  voltage,  or  a  low  reading,  is  obtained,  it  is  apparent 
that  the  circuit  is  broken  or  that  there  is  high  resistance  at  some 
point  outside  of  the  bell. 


•This    Is    understood    to    mean    either    a   singU  contact,    or   two  or    more 
connected    in   muUipUy  operated    by   one   armature    (see   footnote    Art.  93). 
••Tliat  is.  contactH  on  different  armatures. 
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• 
441.    If  a  sufficient  length  of  wire  is  at  hand,  one  end  of  it 

should  be  connected  to  one  terminal  of  the  battery  and  the  other 

end  touched   first   to   one   terminal   of   the   bell   and   then   to 

the  other.     If  no  results  are  obtained  with  it  connected  to  one 

terminal  of  the  battery,  it  should  be  attached  to  the  other,  and 

the  test  at  the  bell  repeated.    Unless  there  is  more  than  one  cause 

of  failure  present,  the  circuit  should  now  be  completed.     It  is 

well  to  keep  the  voltmeter  connected  in  multiple  with  the;  bell 

when  making  these  tests.     A  good  reading  should  be  obtained 

when  the  t(*st  wire  is  touched  to  one  terminal  and  no  reading 

when  touched  to  the  other ;  however,  in  the  latter  case  there  may 

b  a  spark  or  flash  when  the  test  wire  is  removed  indicating  that 

considerable  current  is  flowing  when  the  battery  is  short-circuited. 

For  example,  in  Fig.  145,  if  the  wire  is 

^,  Q  broken    at   point   X,    and   a   jumper   is 

Jt"!  bridged  around  one  of  the  relay  contacts 

. .        .  as  shown  at  A,  the  bell  should  ring  and 

;  the  meter  show  a  normal  reading  when 


n  ,tL 


^—      X-x 


VMi|i|i|i|i|i|i|i|ip 


the  test  wire  B  is  touched  to  terminal  C, 
and  when  touched  to  terminal  1)  it  may 
produce  a  spark  especially  if  a  battery  of 
low  internal  n»sistance  is  eiriployed,  be- 
cause, as  will  be  seen  the  battery  is  practically  short-circuited 
when  the  test  wire  B  is  in  C(mtact  with  terminal  D. 

If  the  break  instead  of  being  at  X  were  in  the  other  lead  to 
the  bell,  that  is,  between  terminal  D  and  point  F,  the  test  wire 
as  applied  would  have  no  effect,  but  if  attached  to  the  other  end 
of  the  battery,  that  is,  at  F,  a  similar  result  would  be  produced, 
the  bell  ringing  when  touched  to  I)  and  a  spark  produced  at  C. 

442.  Another  method  sometimes  used  under  similar  circum- 
stances is  shown  in  Fig.  146.     As  will  be  seen  the  voltmeter  is 

cut  into  the  test  wire  B.  _, 

— .0., 

The  circuit  through  the  bell  should  now  i F^T'C  i 

be     broken,     by     holding     the     hammer  -M-       -M-     O    «-^ 

against  the  bell.*     With  a  break  at  X,  a  •^l 
full  voltage  reading  will  be  obtained  by 


Qiiiiiii|i|i|i|i|iP— -' 


touching  on  terminal  1),  and  no  reading, 

by    touching    on    terminal    C.      If   there  p|,j.  141, 


B 

■A 
X 


•That   Ik.   with   the  ordinary   type  of  bell;   of  course,   with   some  types, 
as  for  instance  that  described  In  Arts.  37-11,  this  does  not  apply. 
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•  

were  a  break  between  D  and  F,  instead  of  at  X,  there  would 
be  no  reading  obtained  from  either  terminal,  but  with  the  test 
wire  connected  at  point  F,  a  reading  would  be  obtained  by 
touching  terminal  C. 

443.  If  instead  of  the  circuit  being  broken  as  shown  in  Figs. 
145-146,  there  is  unusually  high  resistance  at  the  points  men- 
tioned, there  may  be  low  readings  on  the  meter  during  the  tests, 
but  usually  these  can  easily  be  distinguished  from  the  normal 
readings  obtained  when  the  circuit  is  properly  completed. 

444.  If  it  is  found  that  the  defect  is  between  points  D  and 
F,  Fig.  145,  it  must  then  be  determined  whether  it  is  between 
the  battery  and  relays  (that  is,  points  F  and  G)  or  between 
the  relays  and  the  bell  (points  E  and  D).  To  accomplish  this 
a  test  jumper  is  placed  in  parallel,  first  with  one  of  these  wires, 
and  then  with  the  other,  jumper  A  still  being  left  in  place.  The 
bell  will,  of  course,  ring  when  the  defective  portion  is  spanned 
by  the  test  wire. 

446.  When  it  is  found  what  portion  of  the  circuit  is  defec- 
tive, a  temporary  wire  may  be  put  into  service  while  the  per- 
manent wiring  is  being  examined.  For  instance,  if  the  defect 
is  foimd  to  be  at  X,  the  temporary  wire  may  be  left  connected 
in  multiple  with  the  length  of  wire  from  C  to  H,  until  this  length 
is  repaired  or  replaced. 

446.  Shunts:  If,  when  the  ammeter  is  connected  in  series 
with  the  battery  as  mentioned  in  Art.  439,  a  high  reading,  that 
is,  equal  to  or  above  the  normal  current  of  the  circuit,  is  ob- 
tained and  the  bell  remains  silent,  it  indicates  that  the  current 
is  being  shunted  out  of  the  bell  through  a  cross  caused  by  de- 
fective insulation,  etc.  In  some  cases  an  ammeter  cut  in  at  one 
of  the  battery  terminals  may  give  a  reading  when  all  relay  con- 
tacts are  open ;  in  other  eases  the  reading  will  be  obtained  only 
while  a  relay  contact  is  closed  or  bridged.    For  instance,  in  Fig. 
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147,  if  the  cross  or  defec- 
tive insulation  is  at  point 
X,  it  will  produce  a  read- 
ing on  the  ammeter  wheth- 
er the  relay  contacts  are 
piif.  147  opened  or  closed.     If,  in- 

stead, the  shunt  is  at  point  Y  the  meter  will  give  no  reading 
ninless  the  circuit  is  closed  at  one  of  the  relay  contacts. 


447.  Of  course,  instead  of  being  in  the  wiring  at  point  Y  the 
shunt  may  be  due  to  defective  insulation  in  the  bell  and  pro- 
duce the  same  result.  Therefore  if  this  condition  is  indicated 
it  is  advisable  to  cut  the  ammeter  in  series  at  one  of  the  bell 
terminals  and  note  what  reading  is  obtained  when  one  of  the 
relay  contacts  is  closed  or  bridged,  a  high  reading  of  course 
indicating  that  the  shunt  is  in  the  bell,  and  a  low  reading,  that 
it  is  in  the  wiring.  If  located  in  the  bell  it  should  be  further 
tested  as  described  in  Art.  384. 

448.  Another  method  which  may  be  employed  in  testing  for 
defective  insulation,  is  to  disconnect  both  sides  of  the  circuit 
and  then  test  with  a  magneto,  one  terminal  being  connected  to 
one  side  of  the  circuit,  and  the  other  terminal  to  the  other  side, 
or  to  the  ground.  This  method  may,  of  course,  be  employed  in 
connection  with  any  of  the  tests,  hereafter  described,  for  lo- 
cating defective  insulation,  causing  shunts  or  grounds. 


449.  If  a  shunt  is  located  in  the  wiring  that  portion  of  the  cir- 
cuit in  which  it  occurs  will,  of  course,  have  to  be  examined,  and 
while  this  is  being  done  it  is  well  to  employ  a  temporary  wire  to 
keep  the  alarm  in  operation.    This  may  be  arranged  as  shown  in 

Pig.    148,    wire    A    being  ^ 

used  if  the  trouble  is  at  X, 
and  B,  if  at  Y.  The  per- 
manent wire  must,  of 
course,  be  disconnected  at 
both  ends  to  remove  the 
shunt.  Figr.  148 


Hl|l|l|t|lMl|l|l|K/: 
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460.  In  cases  where  it  is  the  practice  to  have  one  side  of  the 
circuit  permanently  grounded,  a  shunt  may  of  course,  be  caused 
by  the  grounding  of  the  other  side,  thus  defective  insulation  on 
only  ojie  wire  may  be  the  cause  of  the  trouble.  However,  where 
it  is  the  practice  to  keep  the  circuit  entirely  insulated  from  the 
ground,  it  will  require  defective  insulation  on  both  sides  of  the 
circuit,  that  is  on  two  wires,  to  produce  a  shunt. 

FAILURE  OF  LINE  OIBOUITS 

451.  Normally  Closed:  If  a  normally  closed  line  circuit 
fails  to  energize  its  relay  properly,  it  is  well  to  take  a  voltage 
reading  at  the  terminals  of  the  relay.  If  the  relay  does  not 
pick  up  with  the  proper  working  voltage  at  its  terminals,  it  is 
of  course  out  of  order. 

If  the  voltage  reading  thas  obtained  is  low,  an  ammeter 
should  be  connected  in  series  with  the  relay,  a  current  reading 
above  the  pick-up  point  also  indicating  that  the  relay  is  out  of 
order.  If  this  current  reading  is  below  the  pick-up  point,  the 
resistance  of  the  relay  should  be  roughly  estimated  by  Ohm^s 
Law,  to  insure  that  there  is  no  shunt  in  the  coils. 

If  the  relay  is  defective,  it  must  of  course  be  taken  out  of 
service  and  a  substitute  relay  put  in  its  place,  unless  the  trouble 
can  at  onc(»  be  located  by  inspection  and  remedied. 

452.  Assuming  that  the  battery  is  at  the  further  end  of  the 
line*  then  if  the  relay  appears  to  be  in  good  condition  (the 
voltage  reading  at  its  terminals  being  below  normal)  the  meter 
should  be  bridged  across  the  circuit  outside  of  the  lightning  ar- 
n»sters,  and  if  a  normal  reading  is  obtained  there,  it  will  indi- 
cate* a  high  resistance  between  that  point  and  the  relay,  which 
may  be*  locatc^d  by  connecting  a  test  jumper  in  multiple  with  the 
arresters  and  leads  to  the  relay,  first  on  one  side  and  then  on 
the  ()th(T.  The  relay  will,  of  course*,  pick  up  when  the  test 
jumper  is  in  imiltiple  with  the  defective  arrester  or  lead. 

453.  If  a  low  voltage  reading  is  obtained  outside  of  the  ar- 
resters one  of  the  incoming  wires  should  be  disconnected  and  a 
voltag(»  n^ading  then  taken,  which  if  normal  or  slightly  above, 

•Mellnxls   of  procedure   for  batteries   in   other  locations   are    described 
later. 
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will  indicate  that  there  is  defective  insulation  in  the  arresters 
or  between  them  and  the  relay.  To  confirm  this  indication,  a 
test  jumper  may  be  connected  from  this  wire  which  has  been 
(^etached  from  the  arrester  and  carried  clear  of  the  arrester  to 
the  relay  terminal,  the  lead  to  the  latter  being  temporarily  dis- 
connected, as  shown  in  Fig.  149,  in  which  the  test  jumper  is 
,.  shown  dotted.    The  relay  should  in  this  case  be 

From  lin«  " 

J   I  energized  when  the  test  jumper  is  thus   con- 

"  a  ft    ,  nected.     The  arresters  and  their  leads  should 

insuidtion    then  be  inspected  for  the  defective  insulation. 

454.  If  after  testing  with  both  wires  discon- 
nected outside  the  arrester  the  voltage  across 
the  circuit  is  still  found  to  be  low,  the  wires 
should  again  be  connected  and  if  convenient  a 
FiK.  140  voltage  test  made  at  the  joints  where  the  rubber 
<*overed  wires  are  connected  to  the  line  wires.  However,  if  these 
joints  are  not  easily  accessible,  this  test  may  for  the  present 
be  omitted,  especially  if  the  line  wire  is  covered  and  the  joints 
well  taped. 

The  maintainer  should  now  proceed  towards  the  batter>'  ob- 
serving the  condition  of  the  line,  that  is,  whether  it  is  crossed 
or  broken  at  any  point. 

466.  If  the  circuit  is  carried  through  any  contacts  between 
the  relay  and  battery  locations,  it  is  advisable  to  stop  and  note 
that  they  are  properly  closed  and,  if  convenient,  take  a  current 
reading  around  them  preferably  outside  of  the  lightning  ar- 
resters, as  shown  in  Fig.  150. 

466.  If  a  reading  near  the  normal  current  is 
^'°?3ou°"  obtained,  it  indicates  that  there  is  high  resist- 
ance in  the  circuit  between  points  J  and  K  where 
the  leads  of  the  meter  are  attached.  The  lead 
should  now  be  taken  from  one  of  these  points, 
for  instance  J,  and  touched,  successively  at  points 
L.  ^r,  N,*  and  P.  If  the  readings  all  remain 
N  practically  the  same  it,  of  course,  indicates  that 
the  unusual  resistance  is  b(»twe(»n  P  and  K,  that 


Kkti 


FiK.  150         is,  in  this  arrester,  where  a  closer  t(»st  may  be 


•In  this  and  similar  diaerraniK.  the  points  here  represented  by  M  and 
N  will  be  understood  to  indicate  the  binding  post.s  of  the  relay,  or  the 
wires  directly  attached   to  tliem. 
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made  if  desired,  by  touching  on  the  various  parts  of  the  arrester 
which  carry  current. 

467.  If  a  noticeable  drop  should  occur  between  any  two 
points,  for  instance  M  and  N,  it  would  be  well  to  connect  this 
lead  from  the  meter  to  the  point  where  the  last  high  reading 
was  obtained  (in  this  case  M)  and  take  the  other  lead  from  K 
and  touch  to  point  N,  where  a  high  reading  will  indicate  that 
the  undue  resistance  is  in  the  relay  contact  or  its  connections. 

468.  In  some  cases,  especially  if  the  resistance  of  the  con- 
trolled relay  is  quite  high,  it  may  be  found  more  desirable  to 
use  a  voltmeter  instead  of  an  ammeter  for  this  test.  The  read- 
ing obtained  in  this  case  will  be  the  drop  in  voltage  aroufid  any 
resistance  that  may  be  in  the  circuit  at  this  location  and  should 
normally  be  very  low.  If  any  considerable  reading  is  obtained 
it,  of  course,  indicates  that  the  trouble  is  between  the  points 
where  the  meter  leads  are  in  contact  with  the  circuit. 

459.  Assuming  that  no  improper  resistance  or  other  defect 
has  been  found  on  the  circuit,  before  reaching  the  battery,  a 
voltage  reading  should  be  taken  across  its  terminals  to  insure 
that  it  is  not  open.  If  a  very  low  reading  is  obtained  it  indi- 
cates that  there  is  high  resistance  at  some  point  in  the  battery 
or  its  connections  (that  is,  provided  it  is  not  exhausteii  or 
polarized)  and  the  cells  should  be  tested  separately  and  in  con- 
secutive pairs  as  described  in  Art.  331.  This  will  ordinarily 
locate  the  trouble  in  some  cell  or  connection. 

460.  If  the  battery  appears  to  be  in  good  condition  and  a 
normal  voltage  is  obtained,  or  a  fair  voltage,  that  is  somewhat 
below  normal,  the  ammeter  should  be  connected  in  series,  close 
to  the  battery  and  its  action  observed. 

If  the  voltage  was  ielow  normal  and  the  ammeter  now  sho^a's 
a  reading  below  normal,  it  indicates  that  the  battery  is  not  as 
good  as  it  appears  to  be,  and  a,  closer  inspection  is  desirable.  As 
a  check  on  this  conclusion,  it  is  advisable  to  connect  the  volt- 
meter to  the  battery  terminals  and  short-circuit  the  battery 
for  three  or  four  minutes,  after  which  the  shunt  should  be  re- 
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moved  without  disconnecting  the  meter,  and  a  reading  taken  at 
once.  If  this  reading  is  considerably  lower  than  that  taken  be- 
fore the  battery  was  short-circuited,  it  is  an  indication  that  the 
battery  is  in  poor  condition. 

461.  If  the  voltage  was  normal  or  somewhat  above  and  the 
ammeter,  when  cut  in,  shows  no  reading  or  very  little,  it  may 
be  assumed  that  the  circuit  is  broken  or  contains  unduly  high 
resistance  at  some  point. 

If  the  voltage  was  normal,  or  nearly  so,  and  the  ammeter 
shows  a  reading  somewhat  above  the  normal  current,  it  indicates 
that  there  is  a  shunt  of  considerable  resistance  on  the  circuit. 
However,  if  the  ammeter  shows  a  reading  considerably  abov**- 
the  normal  current,  it  indicates  a  shunt  of  low  resistance  on  the 
circuit. 

462.  Break  or  High  Resistance  in  the  Circuit.  If,  by  the 
tests  made  at  the  battery,  it  appears  that  the  circuit  is  dead 
open,*  it  may  be  found  advisable  to  use  a  magneto.  A  mag- 
neto test  may  be  started  at  any  point  by  placing  the  instrument 
in  series  with  the  circuit,  all  connections  being  closed.  If  the 
bell  will  not  ring  when  thus  connected,  it  is  very  good  evidence 
that  the  circuit  is  open. 

463.  If  it  is  desired  to  test  a  length  of  line  between  two  lo- 
cations by  this  method,  it  is  advisable  first  to  get  a  ring  through 
the  controlled  relay  as  shown  at  location  A,  Fig.  151,  then  con- 

To  cont rolled  reloij 
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nect  up  the  circuit  as  usual  at  this  location  and  go  to  location 
B  the  magneto  being  connected  there  as  shown.    If  the  bell  fails 


•See  Art.  388. 
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to  ring  when  thus  connected  at  location  B,  it  of  course  shows 
that  the  circuit  is  open  between  the  two  locations.  If  now  it 
is  desired  to  test  along  the  line  the  wire  must  be  left  discon- 
nected at  K  while  the  test  is  being  made. 

464.    Another  method  frequently  employed  is  shown  in  Fig. 
152.    With  this  method  the  wire  ordinarily  connected  at  point 


1 


IB 


h 


FlflT.   152 

J  is  disconnected  and  connected  to  the  other  side  of  the  circuit 
as  shown.  The  magneto  is  then  connected  as  indicated.  If  de- 
sired, the  magneto  may  be  used  at  location  A,  the  connections 
at  B  of  course,  being  arranged  as  shown  at  A. 


To  conirolled 


465.  ^Xnother  method  for  testing  for  a  break  or  for  high  re- 
sistance, of  course  after  the  battery  test  is  completed,  is  to  make 
a  voltage  test  at  the  next  available  point  nearer  the  controlled 
relay. 

If,  as  is  frequently  the  case,  there  is  a  controlling  relay  near 
the  battery,  the  test  may  be  commenced  at  this  point.     A  com- 
mon arrangement  is  illustrated  in  Fig.  153,  in 
which  a  voltmeter  test  is  made  outside  of  the 
lightning  arresters,  as  shown. 

A  low  voltage  at  this  point  shows  that  the 
trouble  has  already  been  passed  and  one  of  the 
meter  leads  should  be  left  attached  to  the  cir- 
cuit, as  at  point  J,  while  the  other  lead,  shown 
attached  at  K,  should  be  removed  and  touched 
successively  at  points  L,  ^M,  N  and  P. 

If  a  normal  reading  is  obtained' at  any  of 
these  points,   it  of  course   indicates   that  the 
FiBT.  153  defect   in  the  circuit  has  been  passed.     For 

example,  if  the  reading  at  L  is  normal,  the  trouble  must  be  in 


FAILURE   OF  LINE   CIRCUITS  171 

the  arrester  between  K  and  L;  if  the  reading  is  low  at  M  and 
high  at  N,  the  defect  is,  of  course,  in  the  relay  or  its  connec- 
tions. 

If  the  voltage  between  points  J  and  P  is  low,  the  lead  should 
be  left  attached  at  point  P  and,  the  one  taken  from  J  and 
touched  at  Q,  where  a  high  reading,  of  course,  shows  the  defect 
to  be  in  the  arrester,  and  a  low  reading,  that  it  is  in  wire  Q — R. 

466.  If  the  trouble  is  thus  located  between  any  of  these 
points,  for  instance  N  and  P,  a  check  may  be  obtained  by  at- 
taching the  ammeter  a^  shown,  which  if  the  circuit  is  entirely 
broken  should  show  the  normal  current  reading  of  the  circuit; 
if  the  circuit  is  not  broken  but  contains  high  resistance,  this 
reading  may  be  somewhat  less  than  normal. 

467.  If  the  defect  is  found  to  be  in  a  wire  which  is  in  trunk- 
ing  or  otherwise  not  readily  accessible,  it  is  well  now  to  connect 
a  temporary'  wire  in  place  of  the  ammeter,  thus  getting  the 
circuit  into  operation  at  once,  after  which  the  permanent  re- 
pairs may  be  made. 

468.  If  with  the  voltmeter  connected  at  J  and  K  a  normal 
reading  is  obtained,  it  of  course,  shows  that  the  break  or  high 
resistance  is  nearer  the  controlled  relay. 

469.  If  joints  S  and  T,  where  the  rubber  covered  wires  are 
connected  to  the  line  wires,  are  convenient,  it  is  well  to  take  a 
voltage  reading  there,  especially  if  the  circuit  does  not  pass 
through  any  contact  between  this  location  and  the  controlled 
relay.  In  this  and  similar  cases,  it  is  often  desirable,  when  con- 
venient, to  test  these  rubber  covered  wires  separately.  That  is, 
iirst.  with  the  meter  connected  from  J  to  T  which  will  show 
the  condition  of  wire  K — T,  and  then,  if  that  is  shown  to  be 
intact,  between  S  and  T.  By  following  this  course,  the  opening 
of  a  taped  joint  may  often  be  avoided. 

If,  however,  these  joints  are  not  easily  accessible,  or  are  made 
onto  covered  line  wire  and  well  taped,  and  there  is  a  con- 
trolling instrument  between  this  point  and  the  controlled  relay, 
it  may  be  well  to  go  at  once  to  this  intermediate  point  especialh'^ 
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if  one  side  of  the  circuit  is  carried  on  a  common  wire,  which 
is  also  accessible  at  that  point,  as  is  frequently  the  ease. 

470.  Assuming  that  the  intermediate  point  is  the  location  of 
a  controlling  relay,  the  voltmeter  tests  illustrated  in  Fig.  154. 

itrdied     should  be  made. 

If  a  normal  voltage  is  obtained  with  the 
meter  connected  as  shown,  it  indicates 
that  the  circuit  is  in  go<yd  condition  be- 
tween the  battery  and  this  point.  The 
meter  lead  should  now  be  taken  from 
point  J  and  touched  at  point  K.  This 
is,  of  course,  a  check  on  the  ammeter  t(*st 
FiK.  154  described  in  Art.  455,  and  should  not  be 

necessary  if  that  test  was  properly  made.  Any  marked  ditt'T 
ence  in  the  readings  obtained  at  J  and  K,  will,  of  course,  indi- 
cate a  break  or  high  resistance  in  the  circuit  between  these  two 
points  and  should  now  be  located  by  touching  the  same  meter 
lead,  to  points  L,  M,  N  and  P,  and,  if  necessary  at  intennediat<' 
points  between  them,  in  a  manner  similar  to  that  described  in 
Art.  465.  A  normal  voltage  at  K,  of  course,  shows  that  the  break 
or  high  resistance  is  further  on  towards  the  controlled  relay, 
while. a  low  reading  at  J  indicates  that  the  trouble  is  back  towards 
the  battery  and  has  been  passed.  In  the  latter  case,  the  circuit 
between  this  location  and  the  battery  must  now  be  examined 
more  carefully,  and  voltage  tests  across  it  taken  as  closely  as 
practicable,  the  first  points  usually  being  where  the  rubber 
covered  wires  are  connected  to  the  line  wires. 

If  by  testing  at  the  ends  of  the  rubber  covered  leads  it  is 
found  that  they  are  in  good  condition  and  the  trouble  is  there- 
fore on  the  line,  it  is  advisable  to  begin  testing  this  about  half 
way  between  the -two  points  where  the  high  and  low  readings 
were  obtained. 


471.  If  other  circuits  using  the  same  common  wire  are  work- 
ing properly  it  may  be  assumed  that  that  portion  of  the  circuit 
is  in  good  condition. 


472.    Bare  wire  may,  of  course,  easily  be  tested  at  any  point 
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by  rubbing  the  surface  bright  with  emery  cloth  or  sand  paper 
(care  being  taken  not  to  remove  the  galvanizing  from  iron 
wire)  and  connecting  the  voltmeter  at  these  points,  one  on  the 
common  and  the  other  on  the  control  wire. 

473.  If  covered  line  wire  is  employed,  the  covering  must,  of 
course,  be  removed  sufficiently  to  allow  contact,  and  as  it  is 
desirable  to  do  this  at  as  few  points  as  possible,  it  is  best  to 
make  the  tests  at  points  where  the  common  wire  can  be  reached 
from  one  of  its  taps,  as  at  relays,  batteries,  etc.,  if  there  are 
any  within  the  length  to  be  tested. 

474.  By  making  the  test  in  the  center  of  the  length  in  which 
the  trouble  exists,  this  length  will  be  reduced  one-half  every 
time  a  test  is  made,  and  thus  the  length,  where  it  is  possible  for 
the  defect  to  be,  is  reduced  to  a  span,  which  if  necessary  may 
be  cut  down  and  repaired.  It  is,  of  course,  usually  necessar>' 
to  cut  the  wire  at  one  end  of  the  span  only. 

476.  Defects  of  this  kind  are  most  often  found  in  joints  in 
the  wire.  If  there  is  a  joint  between  iron  and  copper  wire,  it 
is  almost  sure  to  develop  resistance  unless  it  has  been  very  care- 
fully soldered.  Therefore  when  making  tests  it  is  well  to  note 
the  position  of  joints  and  select  the  locations  for  tests  accord- 
ingly. 

476.  "When  testing  on  covered  line  wire  where  it  is  necessary 
to  cut  through  the  insulation,  it  is  desirable  to  make  it  on  the  side 
of  the  insulator  towards  which  it  is  thought  the  trouble  is  most 
likely  to  be,*  about  IJ  pr  2  ft.  from  the  end  of  the  tie  wire.  The 
knife  should  be  held  at  about  the  same  angle  as  if  sharpening 
a  pencil.  This  will  prevent  it  from  nicking  the  wire  and  will 
also  leave  a  **lip"  of  the  covering  which  will  assist  in  repair- 
ing the  cut  after  the  test  is  completed. 

477.  Covered  wire  sometimes  breaks  inside  the  insulation 
but  does  not  fall,  the  covering  being  strong  enough  to  hold  it 

*Thls  will,  of  course,  in  many  cases  be  a  matter  of  eruess  work,  but 
may  be  Judgred  by  the  number  of  joints  or  other  possible  cause  of  trouble 
that  may  be  on  either  side  of  the  point  where  the  test  is  belner  made. 
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up,  frequently  with  very  little  more  sag  in  the  span  than  usual. 
This  is  most  likely  to  occur  near  the  insulators,  therefore,  if 
the  possible  location  of  the  defect  is  confined  to  a  length  of 
wire  which  has  no  joints,  a  break  of  this  kind  may  be  looked 
for  near  any  of  the  insulators.  In  such  instances  it  may  b(* 
found  desirable  to  test  on  both  sides  of  an  insulator.  For  ex- 
ample, if  in  Fig.  155  it  is  found,  when  testing  at  point  A,  that 

the  trouble  is  in  the 

direction    shown    by 

the  arrow,  it  may  be 

well,  especially  if  the 

possible    location    of 

*'•«•  '«^  the  trouble  is  limited 

to  two  or  three  spans,  to  make  another  test  at  point  B,  as  the 

wire  in  such  a  case,  is  as  likely  to  be  broken  near  this  insulator 

as  any  other. 

478.  If  a  break  is  thus  located  between  these  points  by  the 
voltmeter,  it  is  well  to  check  the  test  by  connecting  an  aiumeter 
from  A  to  li,  which  should  show  a  reading  equJil  to  the  normal 
current  in  the  circuit. 

m 

479.  After  the  testing  and  repairs  are  completed,  all  cuts 
that  have  been  made  in  the  insulation  should  be  filled  with  P. 
&  H.  compound  and  the  insulation  thus  secured  in  its  proper 
position,  after  which  the  outside  of  the  insulation  should  be 
entirely  coated  with  the  compound  for  a  space  of  about  2  in. 
each  side  of  the  cut,  and  a  half  lapped  layer  of  friction  tape 
applied  over  the  length  thus  coated.  The  outside  of  the  friction 
tape  should  then  bo  painted  ^^^th  the  compound. 

All  joints  from  which  taping  has  been  removed  should,  of 
course,  again  be  taped  and  painted  as  described  in  Li^ie  Con- 
struction. 

480.  If,  when  testing  as  described  in  Art.  470,  it  is  found 
that  the  break  or  high  resistance  is  further  on  towards  the 
controlled  relay,  the  same  method  will,  of  course,  be  followed 
at  the  next  location  where  the  circuit  is  passed  through  a 
contact,    coming   back   and   testing   out   the   line   if   necessar}'. 
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or  moving  on   towards  the  controlled  relay   until   the   defect 
is  located  and  repaired. 

481.  If  at  any  location  where  the  circuit  passes  through  a 
contact,  there  is  no  tap  from  the  comn^on  wire,  or  if  the  cir- 
cuit has  a  separate  return  wire  (which  usually  runs  straight 
through)  it  may  be  found  desirable  to  run  a  temporary  tap 
from  it  to  the  voltmeter,  using  this  instead  of  the  common 
wire,  shown  in  Fig.  154. 


482.  Shunts,  If  when  testing  as  described  in  Arts.  460-461, 
it  is  found  that  there  is  a  shunt  on  the  circuit,  and  there  is  a 
controlling  contact  near  the  battery,  as  in  Fig.  156,*  it  may 

.    «  J    .  be   found   convenient   to   leave   the 

To  conTrolwd  retry 

ammeter  in  series  with  the  battery, 

as  shown,  while  testing  at  the  re- 
lay. 

483.  The  wire  should  now  l)e  dis- 
connected at  point  N,  noting  the 
effect  on  the  reading  of  the  am- 
meter; if  the  circuit  is  in  good  con- 
dition between  the  battery  and  re- 
lay, the  pointer  will  of  course,  go 
piK.  istt  to  zero;  however,  if  it  does  not  do 

so,  the  shunt  is  in  this  length   of  wire. 

484.  If  the  anmieter  shows  no  deflection  when  the  wire  is 
disconnected  at  point  N,  indicating  that  the  shunt  is  beyond 
this  point,  this  .wire  should  again  be  conniH'ted  and  the  wiro  dis- 
connected at  K.  A  reading  obtained  when  this  wire  is  dis- 
connected, shows  defective  insulation  in  lightning  arrestt*r  K — L, 
wire  L — ]M  or  the  relay,  the  last  named  condition  being  more 
likely  to  occur  when  the  other  side  of  the  circuit  is  carried 
to  the  relay,  as  for  instance,  in  the  case  of  a  back  contact,  as 
illustrated  in  sketch  A,  or  when  a  common  wire  is  employed 
and  connect(»d  to  anothcT  binding  post  on  this  relay.  In  order 
to  determine   which  of  these  parts  of  the  circuit  is  defective. 

♦It  will  he  observed  tliat  tliis  arrangrement  is  a  duplicate  of  that 
shown   in    Fig.  153. 
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the  wire  is  left  disconnected  at  K,  and  the  wire  disconnected 
from  the  relay  at  M.  If  the  meter  still  continues  to  show  a 
current  reading  after  this  wire  has  been  disconnected,  the  re- 
lay is  defective,  but  if  not  the  trouble  in  wire  L — M*  or  ar- 
rester K — L,  and  can  be  located  more  closely  by  connecting 
the  wire  at  ^f  disconnecting  at  L,  the  results  being  judged  as 
already  described. 

486.  If,  when  the  wire  is  disconnected  at  K,  the  pointer  of 
the  met(*r  goes  to  zero,  shoii^'ing  that  that  side  of  the  circuit 
is  in  good  condition  from  the  battery  to  and  through  this  ar- 
n^ster,  this  wire  should  be  replaced,  and  a  similar  test  made 
with  the  wire  disconnected  at  J,  which  will  give  an  indica- 
tion of  the  condition  of  wiring  and  arrester  between  points  R 
and  J,  and  may  be  further  tested  by  disconnecting  at  point  Q. 

486.-  If  it  is  found  that  the  shunt  has  been  caused  by  a 
ground,  for  instance,  in  one  of  the  lightning  arresters,  the  cir- 
cuit will  of  course  work  properly  when  this  ground  is  removed, 
but  it  should  be  remembered  that  there  is  still  a  ground  on  the 
other  side  of  the  circuit,  which  should  also  be  removed;  that  is, 
of  course,  unless  that  side  is  on  a  common  wire  which  it  is  the 
practice  to  keep  permanently  grounded. 

If  the  remaining  ground  is  on  a  common  wire,  which  is  of 
considerable  length,  this  ground  may  be  quite  a  distance  away 
from  the  circuit  on  which  the  failure  occurred.** 

487.  Assuming  now  that  no  trouble  has  been  found  at  the 
batterj'  location,  that  is,  that  by  disconnecting  at  either  J  or 
K,  the  ammeter  in  series  with  the  battery  goes  to  zero,  the  test 
must  be  carried  on  nearer  the  controlled  relay,  all  wires  being 
left  connected  as  usual. 

488.  If  there  is  a  controlling  contact  between  this  location  and 
th«^  (controlled  relay,  it  is  well  to  proceed  to  it  and  connect  the 

♦If  this  wire  is  simply  a  short  flexible  lead,  as  in  a  relay  box.  Its  con- 
dition can  readily  be  determined  by  inspection. 

♦♦See  Art.  589. 
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ammeter  -as  shown  in  Fig.  157,  in 
which  it  is  assimied  that  the  con- 
trolling instrument  is  a  relay. 

489.    If  the  current  reading  at  this 
point  is  approximately  the  same  as 
that  obtained  at  the  batter}',  it  indi- 
cates that  the   control   wire  to  this 
'^**-  **''  point  is  in  good  condition.    With  the 

meter  still  connected  as  shown  the  wire  should  now* be  dis- 
connected from  the  arrester  at  K.  If  there  is  no  defect  in  the 
instruments  or  wiring  between  the  lightning  arresters  at  this 
location,  the  pointer  of  the  meter  will  of  course,  at  once  go  to 
zero  when  this  wire  is  disconnected,  thus  indicating  that  the 
shunt  is  further  towards  the  controlled  relay.  If,  however, 
the  reading  remains  the  same  or  drops  only  part  way  to  zero, 
the  wire  should  be  left  disconnected  at  K  for  the  present,  and 
the  wire  disconnected  at  point  N.  If  this  causes  the  pointer  to 
go  to  zero,  it  of  course,  shows  that  there  is  trouble  in  wire 
N — P,  or  in  the  arrester  P — ^K.  If,  however,  the  meter  still 
shows  a  current  reading  the  wires  must  be  disconnected  at  M 
and  Ij  successively,  the  results  obtained  being  judged  as  be- 
fore. If  with  the  wire  disconnected  at  L,  a  reading  is  still 
obtained,  it  of  course,  shows  that  the  arrester  J — L  is  defective. 

490,  If  when  the  ammeter  is  connected  as  shown  no  read- 
ing is  obtained  or  one  much  less  than  at  the  batteiy  location, 
it  indicates  that  the  shunt  is  back  towards  the  battery. 

It  is  advisable  in  such  a  case,  if  convenient,  to  make  a  check 
with  the  voltmeter  as  shown  in  sketch  A,  in  which  a  low  read- 
ing will  confirm  the  conclusion  that  there  is  a  shunt  between 
point  J  and  the  battery  location. 

491.  If  the  rubber  covered  wire  between  point  J  and  the 
line  wire  is  in  plain  view  it  should  now  be  closely  inspected  so 
as  to  be  sure  that  its  insulation  is  not  defective  at  any  point, 
rf  it  is  concealed  or  in  a  cable  with  other  wires  a  test  should 
be  made  at  the  joint  where  it  is  connected  to  the  line  wire  by 
disconnecting  the  rubber  covered  wire  from  the  line  wire  and 
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placing  the  ammeter  in  the  circuit  at  this  point  with  the  wire 
still  disconnected  at  point  J.  A  current  reading,  thus  obtained, 
of  course,  indicates  that  the  rubber  covered  wire  is  defective. 
If  no  reading  is  obtained,  the  trouble  is  nearer  the  battery  and 
a  similar  test  must  be  made  at  the  battery  location,  at  the 
joint  where  the  rubber  covered  wire  is  c*onnected  to  the  line 
wire.  "When  leaving  the  intermediate  location,  the  circuit  should 
be  left  open,  preferably  at  the  joiut  between  the  rubber  covered 
wire  and  line  wire,  but  if  that  cannot  again  be  easily  reached, 
as  whai  on  a  pole,  it  may  be  connected  temporarily  and  the 
wire  left  disconnected  at  point  J,  in  order  that  when  the  de- 
fective condition  is  remedied,  this  portion  of  the  circuit  may 
be  quickly  placed  in  service. 

492.  If  the  rubber  covered  wire  at  the  battery  location  tor 
any  reason  appears  to  be  more  likely  to  be  defective  than  at 
the  intermediate  location,  as  for  instance,  by  running  a  greater 
length  under  ground,  it  may  be  well  to  make  the  test  at  the 
battery  location  first. 

493.  The  trouble  will  probably  now  be  found  in  the  rubber 
covered  wiring  at  one  location  or  the  other  as  a  shunt  on  tin* 
open  line  ^nres  is  quite  rare,  except  in  case  of  crossed  wires, 
which  can  easily  be  observed  from  the  ground.  Where  bare  line 
wires  are  employed,  it  occasionally  happens  that  a  piece  of 
fine  wire  may  lodge  across  them  and  not  be  noticed.  Cases 
have  been  known  where  wires  have  been  maliciously  grounded 
or  crossed  by  fine  wire  which  was  concealed  as  much  as  pos- 
sible.  It  is  of  course,  understood  that  the  wires  are  clear  of 
trees,  etc.,  or  well  insulated  from  them.  In  case  the  wires  pass 
through  trees  which  cannot  be  trimmed,  the  insulation  may 
have  become  chaffed  off,  thus  resulting  in  a  ground. 

494.  If,  however,  the  tests  show  that  the  shunt  is  on  the 
line  which  appears  to  be  clear,  the  circuit  at  the  battery  location 
should  be  connected  as  usual,  and  the  control  wire  cut  and  the 
ammeter  inserted  about  half  way  between  the  two  locations, 
which  wiU  show  in  which  half  of  the  length  the  shunt  is.  If 
towards  the  battery  it  may  be  well  to  leave  the  wire  open  at 
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this  point  until  another  cut  is  made,  but  if  towards  the  con- 
trolled relay  it  should  of  course,  be  closed.  The  line  should 
be  cut  near  joints,  if  possible,  so  as  not  to  unnecessarily  in- 
crease the  number  of  joints  in  the  line. 

496.  Before  cutting  the  line  it  may  be  desirable,  especially  if 
any  of  the  tests  have  been  doubtful,  to  test  it,  when  both  ends 
are  disconnected,  with  a  magneto,  as  described  in  Art.  448. 

496.  Another  test  must  now  be  made,  cutting  the  line  in 
the  center  of  the  length  still  indicating  the  shimt,  and  so 
on  until  its  possible  location  is  limited  to  one  pole  or  span,  which 
can  be  examined  as  closely  as  necessary. 

497.  If,  when  testing  at  the  location  of  the  intermediate  con- 
trolling contact,  the  readings  indicate  that  the  shunt  is  further 
on  towards  the  controlled  relay,  the  tests  will  of  course  be 
carried  on  in  that  direction,  first  at  any  intermediate  contacts, 
the  same  methods  being  employed  as  already  described,  and 
finally  on  the  line  with  the  circuit  open  at  the  controlled  relay. 

498.  If  when  a  shunt  in  the  wiring  or  in  an  arrester  is 
indicated  by  any  of  the  tests,  it  is  desired  to  get  the  circuit 
into  operation  before  making  a  further  inspection,  a  temporary 
wire  may  of  course,  be  used  as  described  in  Art.  449.  However, 
care  must  be  taken  not  to  allow  such  a  wire  to  bridge  any  of 
the  controlling  contacts  in  the  circuits,  as  a  dangerous  condi- 
tion might  thus  be  produced. 

499.  In  some  instances  w^here  the  wire  to  be  tested  is  of  com 
siderable  length,  especially  if  there  is  another  good  wire  avail- 
able for  the  purpose,  it  may  be  found  advisable  to  make  a  Varley 
loop*  or  Murray  loop*  test  when  a  reliable  AVheatstoue  Bridge 
or  other  suitable  instruments  are  obtainable. 

600.  Battery  at  Other  Locations.  If  the  batter}'  is  not  lo- 
cated at  the  extreme  end  of  the  circuit,  as  assumed  in  the  fore- 
going tests,  the  method  of  testing  must  be  modified  accord- 
ingly. 


*I>eseribed  in  Mavuetlniu  and  Kleetrlclty. 
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601.    It  will  DOW  be  assumed  that  the  battery  is  situated  at 
the  same  location  as  the  controlled  relay,  as  illustrated  in  sketch 

A,  Pig.  158.  If  with  this  ar- 
rangement,  a  low  voltage  is 
obtained  at  the  terminals  of 
the  relay^  and  by  making  the 
tests  described  in  Art.  451, 
the  relay  appears  to  be  in 
good  condition,  a  piece  of 
wire  should  be  touched  across 
the  circuit  at  points  A  and  B, 
while  the  voltmeter  is  still 
connected   in    multiple    with 


B 
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the  relay.  If  this  fails  to  produce  a  normal  reading  on  the 
voltmeter  it  indicates  that  the  trouble  is  at  this  location.  In 
some  instances,  a  voltage  may  thus  be  obtained  which  is  suffi- 
cient to  pick  up  the  relay;  but  unless  a  fuU  normal  reading, 
or  iigher,  is  obtained,  the  test  wire  should  now  be  removed 
and  the  battery  tested  as  described  in  Arts.  459-461. 

602.  If  the  tests  show  that  the  circuit  is  shunted,  it  is  prob- 
able that  the  wire  between  points  C  and  D  is  poorly  insulated 
at  some  point.  A  temporary  wire  may  now  be  put  in  use, 
while  the  permanent  wiring  is  being  inspected.  If  as  may  oc- 
casionally happen,  the  relay  does  not  work  properly  when  the 
temporary  wire  is  connected  up,  it  indicates  that  there  is  de- 
fective insulation  in  the  relay. 

603.  If  the  tests  at  the  battery  show  that  the  circuit  con- 
tains a  break  or  high  resistance,  a  test  wire  connected  between 
C  and  D,  E  and  B,  or  A  and  F,  will  show  which  of  these  wires 
is  defective. 


604.  If  the  full  normal  voltage,  or  higher,  is  produced  at  the 
terminals  of  the  relay  when  the  test  jumper  is  touched  across 
points  A  and  B,  the  test  jumper  should  then  be  bridged  across 
the  circuit  at  points  6  and  H.  If  this  does  not  produce  ap- 
proximately the  same  reading  on  the  meter,  there  must  be  a 
break  or  high  resistance  in  one  of  the  arresters. 
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If,  however,  approximately  the  same  result  is  obtained  at 
points  G  and  H,  it  indicates  that  the  break  or  high  resistance 
is  beyond  these  points.  A  reading  should  now  be  taken  with 
the  voltmeter  connected  from  G  to  H  and  the  reading  care- 
fully  noted.* 

505.  If  convenient,  a  voltage  reading  should  now  be  taken 
across  the  line  at  the  joints  where  the  rubber  covered  wires  are 
connected  to  the  line  wires.  If  this  reading  is  much  lower** 
than  that  obtained  at  points  G  and  H,  it  of  course,  indicates  that 
the  trouble  is  in  one  of  the  rubber  covered  wires,  but  if  the 
reading  remains  approximately  the  same  the  trouble  must  be 
further  out  on  the  circuit. 

If  these  joints  are  not  within  easy  reach,  or  covered  wire  is 
employed,  and  the  joints  taped,  this  test  may  for  the  present, 
be  omitted,  the  maintainer  proceeding  at  once  to  the  nearest 
controlling  contact. 

506.  At  the  location  of  this  contact,  ammeter  readings 
should  first  be  taken  as  described  in  Art.  455.  If  no  trouble  is 
located  by  these  tests  the  voltmeter  should  now  be  connected  as 
shown  in  Fig  159,  in  which  it  is  assumed  that  the  other  side  of 
the  circuit  is  on  a  common  wire  which  has  a  tap  into  this  location 

as  indicated.    If  the  reading  thus  obtained  is 

~"^  rfi -;      only  a  small  percentage  below  that  obtained 

n  n  n  '^"^      between  G  and  H,  Fig.  158,  it  may  bo  as- 
T  sunied  that  the  trouble  is  still  further  from 

the   location   of  the   battery   and   controlled 
relay.    If,  however,  there  is  considerahle  drop 
in  this  reading  it  indicates  that  the  trouble 
**'**  has  been  passed.    As  a  check  on  the  ammeter 

tests  just  mentioned,  the  meter  lead  should  now  be  taken  from 
point  A  and  touched  at  point  B ;  if  the  two  readings  are  approx- 
imately the  same,  it  may  be  assumed  that  the  trouble  is  between 
point  B  and  the  point  where  the  last  test  was  made  at  the  loca- 
tion of  the  battery  and  controlled  relay. 


•In  case  a  voltmeter  having:  a  suitable  scale  is  not  at  hand  this  read- 
ing: may  be  taken  with  an  ammeter,  and  used  for  comparison  as  here- 
after described. 

••These  readingrs  will  of  course  drop  slightly  as  they  are  carried 
further  along:  the  line,  on  account  of  its  resistance. 
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607.  In  such  a  case,  the  rubber  covered  wires  should,  of 
course,  first  be  tested,  comparing  the  readings  with  that  ob- 
tained between  points  G  and  H,  after  which  the  tests  will,  of 
course,  be  carried  onto  the  line  if  necessary. 

608.  In  case  the  other  side  of  the  circuit  cannot  easily  be  con- 
nected to,  as  shown  in  Fig.  159,  or  in  case  such  tests  indicate  that 
the  trouble  is  further  from  the  battery,  the  maintainor  should 
proceed  in  that  direction  repeating  the  tests  just  described  at 
other  controlling  contacts  until  an  indication  of  the  trool]4e  is 
found  or  until  he  reaches  the  end  of  the  line.  If  after  testing 
at  the  farthest  relay  he  has  not  located  the  break  or  resistance 
he  must  return  to  the  contacts  at  which  it  is  assumed  that  he 
has  omitted  to  make  the  test  described  in  Art.  506,  connect  to 
the  other  side  of  the  circuit*  and  make  this  test,  which  will  direct 
him  either  toward  the  battery  or  away  from  it. 

The  magneto  tests  described  in  Arts.  462-464  may,  of  course, 
be  employed  in  testing  for  the  trouble  just  described. 

609.  If  the  circuit  is  carried  through  controlling  contacts  to 
the  right  as  well  as  to  the  left  of  the  battery  location,  as  indi- 
cated in  sketch  B,  Fig.  158.  and  it  is  desired  to  detennine  in 
which  direction  the  trouble  lies,  tests  may  be  made  as  follows: 
Assuming  that  the  other  side  of  the  circuit  is  a  common  ^^nre 
with  a  tap  at  this  location  as  shown,  the  ammeter  or  a  test  jumper 
is  touched  across,  first  from  L  to  N  and  then  from  M  to  N;  in 
one  of  these  tests  the  relay  should  pick  up,  the  ammeter,  if  used, 
giving  a  considerable  reading.  The  energizing  of  the  relay  will 
show  that  the  defective  portion  of  the  circuit  is  bridged. 

Care  should  be  taken,  w^hen  making  these  and  similar  tests, 
not  to  leave  the  jumper  or  meter  connected  any  longer  than  is 
necessary  to  observe  its  effect,  and  never  to  go  away  leaving  it 
connected,  as  it  is  evident  that  when  it  is  so  connected,  one  or 
more  controlling  contacts  are  bridged,  which  might  re^sult  in  a 
dangerous  condition. 

If  the  other  side  of  the  circuit  cannot  easily  be  reached,  it 
may  be  advisable  to  make  the  ammeter  tests  at  the  controlling 
contacts  (Arts.  455-458)  before  making  the  tests  just  described. 


•See  Art.  481. 
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510.  In  Figs.  160-161,  are  illustrated  two  other  arrangements 
which  are  frequently  met  with.  If  in  Fig.  160  a  test  at  the  bat- 
tery shows  a  break  or  high  resistance  in  the  circuit,  and  the  in- 
struments and  wiring  at  location  B  appear  to  be  in  good  condi- 
tion as  indicated  by  a  normal  voltage  or  higher  across  the  circuit 
at  points  J  and  K,  the  voltmeter  should  be  connected  as  shown; 
that  is,  if  the  other  side  of  the  circuit  is  readily  accessible.    If 
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a  voltage  equal  to  or  above  the  normal  reading,  is  thus  obtained, 
it  indicates  that  the  trouble  is  towards  location  C,  and  if  much 
below  normal,  that  it  is  towards  A.  If  towards  C,  it  may  now 
be  located  as  described  in  Art.  462.  If  towards  A,  the  meter 
lead  should  be  disconnected  from  K  and  touched  on  J,  this  read- 
ing being  carefully  noted  and  used  for  comparing  with  other 
readings  taken  when  testing  towards  location  A,  as  described  in 
Arts.  505-508. 

611.  If,  however,  the  other  side  of  the  circuit  is  not  easily 
accessible,  it  is  well  first  to  go  to  location  A,  and  make  an  am- 
meter test  there  and  at  any  intermediate  contacts  which  there 
may  be  between  B  and  A,  also  observing  the  condition  of  the  line. 
If  this  does  not  locate  the  trouble,  a  tap  from  the  other  side  of  the 
circuit  at  location  B  should  be  made  in  the  most  convenient  man- 
ner possible,  and  the  test  conducted  as  just  explained.  If  the 
other  side  of  the  circuit  is  not  accessible  at  this  location,  but  may 
conveniently  be  reached  at  the  location  of  a  contact  between  B 
and  C,  it  may  be  well  to  first  make  the  voltmeter  test  at  such  a 
location. 


612.  In  case  the  current  is  found  to  be  shunted  out  of  the 
relay  the  trouble  must,  of  course,  be  either  at  location  B  or  C 
or  between  them,  and  will  be  tested  for  as  described  in  Art.  482. 
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513.    If,  in  Fig:  161,  a  test  at  the  battery  shows  a  break  or 
high  resistance  on  the  line,  the  test  will,  of  course,  be  conducted 
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between  locations  A  and  B  as  described  in  Art.  462  and  between 
locations  B  and  C  as  described  in  Arts.  504-509. 


514.  A  shunt  which  ^ill  de-energize  the  relay  can,  in  this 
case,  only  happen  at  location  A  or  B,  or  between  them,  and  will 
be  tested  for  as  described  in  Art.  482. 


616.  Clear  Failures,  If  the  controlled  relay  of  a  normally 
closed  line  circuit  fails  to  release  properly  when  the  circuit  is 
opened  at  any  of  the  controlling  contacts,  a  dangerous  condi- 
tion is,  of  course,  likely  to  result;  therefore,  in  such  a  case, 
measures  should  first  be  taken  to  insure  safety.  For  instance, 
if  an  automatic  crossing  alarm  is  controlled  through  a  back 
contact  of  this  relay,  it  is  evident  that  when  the  alarm  should 
operate  it  will  fail  to  do  so,  and  thus  travelers  on  the  highway 
will  not  receive  proper  warning;  in  such  a  case,  therefore,  steps 
should  at  once  be  taken  to  have  the  crossing  guarded  \mtil 
the  cause  of  the  failure  is  remedied. 

In  many  cases  the  maintainer  may  be  able  to  guard  tht* 
crossing  while  inspecting  part  of  the  circuit. 

When  the  circuit  is  controlled  through  two  or  more  contacts, 
train  movements  should,  if  possible,  be  observed,  in  order  to 
ascertain  whether  or  not  more  than  one  of  these  contacts  fail  to 
de-energize  the  controlled  relay. 

616.  After  taking  the  necessary  precautions  to  insure  safety, 
the  controlled  relay  should  be  inspected  to  ascertain  whether  it 
is  in  good  condition. 

The  control  wire,  in  case  a  common  wire  is  employed,  or  if 
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not,  either  one  of  the  wires,  should  be  disconnected  from  the 
coil  of  the  relay.  If  it  now  fails  to  release,  it  is  of  course  out 
of  order. 

If  the  armature  does  release  and  a  low  reading  ammeter  is 
available,  it  should  be  cut  in  at  the  other  terminal  of  the  coils. 
If  any  reading  is  obtained  it  shows  that  there  is  defective  in- 
sulation in  the  relay.  It  is  well  when  the  meter  is  thus  con- 
nected, to  touch  the  wire  which  was  first  disconnected  from  the 
relay,  to  its  own  post  thus  energizing  the  relay  and  then  re- 
moving it  without  jarring  the  relay.  If  when  this  is  done  the 
pointer  of  the  meter  goes  to  zero,  it  may  be  assumed  that  the 
relay  is  in  good  condition.  If  a  low  reading  ammeter  is  not  ob- 
tainable a  similar  test  may  be  made  with  a  voltmeter  across 
its  terminals.  In  case  neither  are  available  the  wire  should  be 
touched  to  the  terminal  and  carefully  removed,  if  convenient 
using  a  short  length  of  wire  small  enough  to  be  quite  flexible, 
which  is  attached  to  the  terminal  and  the  regular  wire  touched 
to  the  smaller,  thus  avoiding  any  jar  on  the  relay  which  might 
cause  it  to  release  while  current  about  as  high  as  the  drop- 
away  was  passing  through  the  coils.  If,  however,  the  relay 
releases  promptly  when  the  wires  are  separated,  it  may  be 
assumed  to  be  in  good  condition. 

617.    If  no  defect  is  found  in  the  relay,  an  ammeter  or  volt- 
meter should  be  connected  in  series  at  one  of  its  terminals  as 
shown  in  Fig.   162,  and  the  wire  disconnected  at 
point  A.*    If  the  pointer  of  the  meter  now  goes  to 
zero,  the  wire  should  again  be  connected  at  A  and 
a  similar  test  made  at  point  B,  where  a  similar 
result  will  indicate  that  the  insulation  of  the  ar- 
J     ■      resters  and  wiring  between  them  and  the  relay  is 
Fis.  162       in  good  condition. 

If  when  the  circuit  is  opened  at  either  of  these  points  the 
meter  gives  a  reading,  it  of  course,  shows  that  there  is  de- 
fective insulation  between  that  point  and  the  relay.  For  in- 
stance, if  when  disconnected  at  A  the  pointer  does  not  go  to 
zero,  it  indicates  that  there  is  a  ground  in  the  arrester  A — C, 
which  is  one  of  two  grounds  operating  as  explained  in  con- 


•It  is  aK.sumed  that  the  battery  is  at  the  opposite  end  of  the  circuit 
from  the  controlled  relay. 
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nection  with  Figs.  141-142,  or  in  the  wire  between  point  C  and 
the  relay.  If  this  wiring  is  in  plain  view  as  is  frequently  the 
ease,  its  insulation  may,  of  course,  easily  be  inspected.  If  not, 
the  wire  should  be  disconnected  at  C,  and  if  the  meter  then 
shows  a  reading  it  indicates  that  the  vnre  is  grounded  and  if 
not,  that  the  ground  must  be  in  the  arrester. 

618.  If  no  reading  is  obtained  when  disconnected  at  either 
point  A  or  point  B,  it  indicates  that  the  trouble  is  beyond  these 
arresters,  and  it  is  advisable  now  to  make  an  inspection  at  the 
location  of  the  nearest  contact  which  fails  to  de-energize  the 


oonl-no 
relou 


roUfed 


relay,  an  ammeter  or  voltmeter  being  con-  j^ 

nected  into  the  circuit  as  shown  in  Pig.  163. 
The  contact  should  now  be  opened  as,  in 
this  case  by  de- energizing  the  relay  as  sho\^Ti, 
and  if  the  pointer  does  not  go  to  zero,  it 
of  course*  shows  that  there  is  defective  in- 
sulation in  lightning  arrester  K — L,  wire 
L — M  or  the  relay.    The  wire  should  now  be  fi*.  i«3 

disconnected  at  point  M  and  if  the  pointer  then  goes  to  zero, 
it  shows  that  the  insulation  in  this  relay  is  defective. 

If,  however,  the  pointer  does  not  go  to  zero  when  the  wire  is 
disconnected  at  M  it  should  be  left  off  the  binding  post,  and 
also  disconnected  at  L,  which  ^\411  in  the  same  manner  show 
whether  the  defective  insulation  is  in  wire  Ij — M  or  in  ar- 
rester K — L. 

519.  If  no  reading  was  obtained  on  the  meter  when  the 
contact  was  opened  it  now  indicates  that  there  is  poor  insula- 
tion between  point  K  and  point  A,  Fig.  162. 

If  there  are  any  controlling  contacts  between  these  points 
they  should  next  be  inspected.  The  wire  should  be  left  dis- 
connected at  K,  Figs.  163-164  and  the  meter  cut  in  as  shown 

at  point  R,  Fig.  164.    A  read- 

ing  at  this  point  shows  that 
there  is  defective  insiilaticm 
between  the  meter  and  point 
K.  The  wire  should  now  be 
disconnected  at  point  S,  and 
if    the    meter    now    gives    a  fi«.  iii4 
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reading  it  shows  that  there  is  trouble  between  points  R  and 
S,  if  not,  that  it  is  between  S  and  K.  If  between  R  and  S,  it 
can  be  located  by  disconnecting  successively  at  points  T,  U, 
V  and  W. 

620.  If  the  test  shows  'that  the  trouble  is  between  points 
S  and  K,  the  rubber  covered  wire  from  point  S  to  the  line 
may  be  tested  by  connecting  up  at  all  points,  leaving  the  meter 
as  shown,  which  will  now  give  a  reading,  and  then  discon- 
necting the  rubber  covered  lead  from  point  S,  where  it  joins 
the  line.  If  a  reading  is  now  obtained,  it  will  of  course,  show 
that  the  insulation  of  this  rubber  covered  wire  is  defective,  if 
not,  that  there  is  trouble  towards  point  K. 

521.  The  meter  should  now  be  taken  out,  and  all  wires  con- 
nected at  this  location,  the  meter  being  taken  back  to  the  other 
location  and  placed  in  series,  at  the  joint  where  the  rubber 
covered  lead  from  point  K  is  connected  to  the  line,  the  cir- 
cuit still  being  left  open,  as  shown,  at  K.  A  reading  obtained 
here  shows  that  the  insulation  of  the  rubber  covered  wire  is 
defective  and  its  absence,  that  the  line  is  poorly  insulated.* 

522.  If  the  last  named  condition  is  found  the  circuit  should 
be  l(»ft  open  either  at  point  K  or  at  the  joint  where  this  rub- 
ber covered  lead  is  connected  to  the  line  (preferably  at  the 
latter  point)  and  the  meter  cut  in  series  with  the  line,  select- 
ing joints  when-  possible,**  first  near  the  center  of  the  length 
where  a  reading  will,  of  course,  show  that  the  trouble  is  towards 
point  K,  and  its  absence,  towards  S;  the  remaining  length 
should  now  be  tested  in  the  same  manner  until  the  defective 
insulation  is  discovered. 

523.  Another  very  good  method  of  testing  this  length  of 
line  is  to  leave  it  open  at  both  ends  and  then  test  with  a  mag- 
neto from  this  line  to  ground,  which  will  probably  produce 
a  ring,  then  start  in  the  middle  cutting  the  line  and  testing 


•If  the  rubber  covered  lead  from  K  appears  more  likely  to  be  defective 
than  the  one  from  S.  It  may  be  desirable  to  first  test  the  former. 

••See  Art.  494. 
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for  the  ground  each  way  with  the  magneto,  and  again  divid- 
ing the  remaining  length  as  already  described. 

A  satisfactory  ground  for  the  magneto  terminal  can  usually 
be  obtained  on  the  rail  or  in  any  pool  of  water  that  may  be 
convenient. 

624.  If  with  the  meter  connected  as  shown  in  Fig.  164  no 
reading  is  obtained,  there  must  be  defective  insulation  nearer 
the  controlled  relay,  tests  being  made  at  any  intervening  con- 
tacts and  the  line  wire  between  any  two  locations  being  tested 
if  necessary,  until  the  tests  are  carried  to  point  A,  Fig.  162. 

In  some  cases,  of  course,  a  temporary  wire  may  be  used  as 
already  jnentioned,  to  put  the  circuit  in  working  order,  while 
a  portion  of  it  is  being  examined. 

526.  After  the  defective  insulation,  on  the  control  wire  be- 
tween the  relay  contact.  Fig.  163,  and  the  controlled  relay 
has  thus  been  located  and  repaired,  it  should  be  remembered 
that  there  must  be  defective  insulation  at  another  point  in  this 
or  some  other  circuit  (except  in  case  of  foreign  current*), 
which  must  be  located  and  repaired  before  the  failure  can  be 
considered  as  completely  remedied. 

626.  If  the  circuit  is  entirely  independent,  not  being  con- 
nected to  any  other,  as  by  a  common  wire,  this  defective  in- 
sulation must,  of  course,  be  at  some  point  bet>\'een  the  con- 
trolling contact,  which  failed  to  de-energize  the  controlled  re- 
lay, and  the  battery,  as  may  be  seen  in  Fig.  141. 

627.  A  very  good  method  of  locating  this  defect  is  to  dis- 
connect the  control  wire  at  the  battery  and  test  with  a  magneto 
when  the  contact  in  question  is  open,  one  terminal  of  the  mag- 
neto being  connected  to  this  portion  of  the  circuit  and  the 
other  to  ground.  This  will  probably  produce  a  ring**  proving 
that  there  is  a  ground  at  some  point  along  the  wire. 

The  wire  should  now  be  disconnected  from  the  relay  at  point 


•Treated  in  Art.  594. 

••The  only  instance  in  which  this  would  not  do  so  would  be  in  the 
case  of  two  crosses  onto  a  parallel  circuit  one  each  side  of  the  contact 
which  failed  to  de-energize  the  controlled  relay 
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N,  Fig.  163,  and  the  test  repeated,  and  so  on,  until  the  portion 
of  the  circuit  on  which  it  is  possible  for  the  ground  to  be,  is 
limited  to  a  length  which  may  be  bridged  with  a  temporary  wire, 
and  examined  as  closely  as  necessary. 

628.  If  a  common  wire  is  employed  as  part  of  the  circuit, 
and  no  ring  is  obtained  when  testing  as  directed  in  Art.  527, 
it  may  be  assumed  that  the  current  which  energized  the  relay 
improperly  came  from  some  other  circuit,  which  is  connected 
to  the  same  common  wire,  in  a  manner  similar  to  that  shown 
in  Pig.  142. 

In  this  case  the  lightning  arresters  on  all  the  other  circuits 
connected  to  the  same  common  wire  should  first  be  examined, 
and  if  that  does  not  locate  any  ground  these  circuits  should 
be  tested,  one  at  a  time,  by  disconnecting  them  from  the  com- 
mon wire  at  each  end  and  then  testing  for  a  ground  with 
the  magneto. 

This  should  show  which  circuit  is  grounded  and  this  cir- 
cuit may  now  be  further  disconnected  and  tested  as  is  found 
necessary. 

529.  It  should  be  remembered  that  there  may  be  grounds 
on  more  than  one  circuit  all  of  which  would  help  to  cause  such 
a  failure,  if  all  of  the  batteries  have  the  same  pole  connected 
to  the  common  wire.  Therefore  after  one  such  ground  has 
been  removed  and  the  circuit  connected  up  and  working,  a 
test  should  be  made  with  the  magneto  between  the  common 
wire  and  a  good  ground,  in  which  case  a  ring  will  of  course, 
indicate  that  there  are  still  one  or  more  grounds  to  be  re- 
moved. 

630.  When  testing  with  a  meter  as  described  in  Arts.  516- 
522,  the  readings  may  occasionally  disappear  and  return  again, 
this  being  caused  by  the  opening  of  one  of  the  controlling  con- 
tacts of  a  circuit  whose  battery  is  improperly  supplying  cur- 
rent through  a  ground  or  cross  to  the  circuit  being  tested.  For 
instance,  in  Pig.  142,  if  relay  B  when  open  had  failed  to  de- 
energize  relay  A  on  account  of  current  from  battery  C  passing 
through  grounds  at  points  X  and  Y  then  the  meter  placed 
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m  series  vnth  relay  A  to  test  this  circmt,  wotdd  show  this  cur- 
rent when  relay  P  is  closed  but  not  when  it  is  open. 

When  these  changes  occur  they  may  sometimes  enable  the 
maintainer  to  locate  the  circuit  from  which  the  current  is 
coming  by  noting  the  position  of  trains  at  such  times. 

631.  When  a  clear  failure  occurs  on  a  circuit,  the  battery 
and  controlled  relay  of  which  are  not  located  at  the  extreme 
ends  of  the  line,  the  cause  of  the  failure  may  be  located  in  a 
manner  similar  to  that  just  described,  that  is,  first  locating 
and  remedying  the  defective  insulation  on  the  portion  of  the 
control  wire  between  the  contact  which  failed  to  de-energize 
the  controlled  relay,  and  that  relay,  and  then  on  the  part  of 
the  circuit  between  the  controlling  contact  and  the  battery,  or 
on  another  circuit.  In  some  instances  however,  a  different  method 
of  procedure  may  be  more  satisfactory. 

532.  If  the  battery  is  at  the  same  loc»ation  as  the  controlled 
relay,  then  after  this  relay  has  been  found  to  be  in  good  con- 
dition, the  meter  should  be  connected  as 
shown  in  Fig.  165,  and  tests  made  with  the 
wire  disconnected  at  point  A,  as  described 
in  connection  with  Fig.  162.  If  this  does 
not  locate  the  trouble,  the  wire  should  be 
replaced  at  A,  and  disconnected  at  point 
B.  If  when  this  is  done  the  meter  con- 
tinues to  show  a  reading,  it  indicates  that 
I  Q  there  is  defective  insulation  between  points 

WV\  B  and  C,  which  may  be  more  closely  lo- 

FiK.  i«5  eat(*d  by  disconnecting  at  D. 

If,  however,  the  return  is  on  a  common  wire,  as  shown,  and 
it  is  the  practice  to  keep  this  common  wire  grounded,  this 
test  is  not  likely  to  be  of  any  value. 

If  there  is  one  or  more  controlling  contacts  in  both  direc- 
tions from  the  location  of  the  controlled  relay  and  battery,*  it 
should  be  remembered  that  two  grounds,  one  on  each  side  of 
this  location,  might  in  some  cases  affect  all  of  the  controlling 
<*ontaets,  preventing  any  of  them  from  de-energizing  the  eon- 

•See  sketch  B.  Fig.  ir)8. 
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trotted  relay,  while  in  other  cafses  it  might  affect  only  part  of 
the  contacts  in  each  direction,  or  those  in  one  direction  only. 
In  case  the  last  mentioned  condition  is  found,  and  a  ground 
is  located  in  the  direction  of  the  contacts  which  have  failed  to 
operate  the  circuit  properly,  the  corresponding  ground  is  likely 
to  be  in  either  direction  from  the  battery  location. 

633.  After  testing  at  the  location  of  the  contact  which  failed 
to  de-energize  the  controlled  relay,  it  is  found  that  there  is 
trouble  on  a  certain  section  of  the  control  wire,  it  must  be  re- 
membered that  the  trouble  may  be  caused  by  a  eross  onto  the 
other  side  of  the  circuit  as  well  as  by  a  ground,  and  if  em- 
ploying a  magneto,  it  is  first  necessary  to  determine  whether 
the  defective  section  of  the  control  wire  is  groimded  or  simply 
in  contact  with  the  other  side  of  the  circuit. 

534.  In  case  the  return  for  the  circuit  is  on  a  common  wire, 
as  shown  in  Figs.  165-166,  which  has  taps  into  the  same  loca- 
tions where  the  circuit  is  carried  through  contacts,  it  is  advis- 
able to  inspect  these  locations  as  soon  as  they  are  reached  if 
any  are  to  be  passed  when  proceeding  to  the  contact  which 
failed  to  de-energize  the  controlled  relay,  as  the  cross  is  quite 
likely  to  be  in  the  lightning  arrest(»rs 
at  such  points. 

In  testing  at  such  points,  the  meter 
should  be  cut  in,  and  the  wire  dis- 
connected at  point  J,  as  shown  in  Fig. 
166,  in  which  ease,  a  reading  indi- 
cates that  there  is  trouble  at  this  loca- 
tion, w^hich  may  be  located  more  close- 
ly by  disconnecting  the  wires  at  points 
L,  M,  N  and  P,  as  already  explained. 
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536.  AVhen  the  battery  is  located  at  an  intermediate  point 
in  the  circuit,  as  shown  in  Fig.  160,  the  tests  described  in  Arts. 
516-530  should  be  used  if  the  contact,  which  failed  to  de-en- 
ergize the  controlled  relay,  is  between  this  relay  and  the  bat- 
tery. 

536.  If  this  contact  is  beyond  the  buttery,  the  t(»sts  should 
be  started  at  this  contact,  if  the  controlled  relay  and  apparatus 
and  wiring  at  its  location,  are  found  to  be  in  good  condition. 
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the  meter  being  cut  in  and  the  con- 
tact opened  as  shown  in  Pig.  167.  If 
a  reading  is  obtained  on  the  meter 
when  the  contact  is  open  it  of  course 
indicates  that  there  is  trouble  at  this 
point  which  may  be  located  more  closely 
by  disconnecting  at  points  L  and  M. 
If  no  reading  is  obtained  with  the 
Figf.  i«7  meter    connected    as    shown,    the    wire 

should  be  connected  up  at  J  as  usual,  the  meter  connected  in 
a  similar  manner  at  point  K  and  the  contact  again  opened,  in 
which  case,  a  reading  will  of  course  indicate  that  there  is 
trouble  between  the  meter  and  the  contact  which  may  be  more 
closely  located  by  disconnecting  at  points  N  and  P. 

637.    If  these  tests  do  not  locate  the  trouble,  the  wire  should 
be  left  disconnected  at  point  K,  and  the  test  taken  up  nearer 
the  battery  location.     If  there  are  any  inter- 
mediate  contacts  the  meter  should   now   be 
connected  at  the  first,  as  shown  in  Fig.  168, 
and  if  a  reading  is  obtained  the  wire  should 
be  disconnected   at   S,   with  the  meter  still 
connected  at  R,  as  shown,  in  which  case  if 
the   pointer   goes   to   zero,    it   indicates   that 
there  is  poor  insulation  between  point  S  and 
point  K,  Fig.  167,  and  if  not,  that  it  is  be- 
tween points  R  and  S,  and  may  be  located  **■*•  **® 
more  closely  by  disconnecting  at  points  T,  U,  V  and  W. 

538.  If  no  reading  is  obtained  at  this  location  all  wires  should 
be  connected  as  usual  and  a  similar  test  made  at  the  next  con- 
tact location  nearer  the  battery,  and  so 
on.  until  the  battery  is  reached,  where 
the  meter  should  be  connected  as  shown 
in  Fig.  169,  in  which  case  a  reading 
should  be  obtained,*  unless  the  circuit  is 
arranged  as  shown  in  Fig.  170,  and  the 
trouble  is  as  explained  in  connection 
with  it.  The  wire  should  now  be  dis- 
pi«.  i«o  connected  at  point  A,  and  if  the  pointer 

•This  reading:  may,  however,  be  intermittent  as  explained  in  Art  530. 
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goes  to  zero,  it  indicates  that  the  trouble  is  between  point  A 
and  the  point  where  the  meter  was  last  connected  before  pro- 
ceeding to  the  battery ;  if  not,  it  shows  that  there  is  poor  insula- 
tion between  point  A  and  the  meter,  which  may  be  more  closely 
located  by  disconnecting  at  points  B,  C,  D  and  E. 

639.  If  the  trouble  is  between  any  two  locations  as  point  A, 
Fig.  169,  and  point  R,  Fig.  168,  it  is  well  to  open  the  circuit 
at  both  of  these  points  and  test  with  a  magneto. 

640.  In  case  there  is  no  contact  at  the  battery  location  the 
meter  should  be  connected  as  shown  at  point  F,  in  Fig.  170, 
where  readings  will  indicate  the  same  as  when  connected  as 
shown  in  Fig.  169,  the  wires  being  disconnected  at  points  A, 
H,  C,  D  and  E,  if  necessary,  to  locate  the  defective  insulation. 

If  no   reading   is   ob- 

[f^ — ;  I   |^^|S5"*^    tained  when  the  meter 

~F  "^  j^  J,  is  cut  in  as  shown  at 

F,  the  wire  should  be 
left     disconnected     at 
-- .         this    point,     and    the 
r*0    •         meter  cut  in  at  the  lo- 
cation of  the  first  con- 
tact in  the  direction  of 
the  controlled  relay,  as  shown  at  point  N. 

As  it  is  assumed  that  the  contact  w-hich  failed  to  de-energize 
the  controlled  relay  is  beyond  the  battery  and  that  the  open- 
ing of  the  contact  on  relay  S  does  not  fail  to  do  so,  then  it  is 
evident  that  the  trouble  must  be  betwcH^n  point  F  and  the  con- 
tact of  relay  S,  and  therefore  a  reading  should  !>♦»  obtained 
with  the  meter  cut  in  at  point  N,  in  which  event  the  wire  should 
be  disconnected  at  point  J;  if  the  pointer  of  the  meter  goes  to 
zero  it  indicates  that  there  is  trouble  between  points  F  and  J, 
and  if  not,  that  it  is  between  point  J  and  the  meter,  which  may 
of  course,  be  more  closely  located  by  disconnecting  at  points 
L  and  M. 

541.    If  the  circuit  is  isolated*  and  the  contact  which  failed 
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to  de-energize  the  controlled  relay  is  further  from  this  relay 
than  the  battery,  as  has  just  been  assumed,  the  wire  between 
the  battery  and  this  contact  must  of  course  either  be  groundrd 
or  crossed  onto  the  other  side  of  the  circuit,  and  the  tests  just 
described  for  use  between  the  battery  and  the  first  contact  to- 
wards the  controlled  relay  should  be  unnecessary. 

642.  A  case  which  would  cause  an  intermittent  reading  when 
the  meter  is  connected  as  shown  in  Fig.  169,  is  illustrated  in 
Fig.  171. 
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If  a  common  wire  is  used  as  shown  in  this  illustration  and 
a  ground  is  located,  for  instance  in  lightning  arrester  A,  there 
are  two  possible  conditions  which  might  prevent  the  contact  on 
relay  B  from  de-energizing  relay  C.  One  is  a  ground  at  some 
point  on  the  common  wire,  and  the  other  is  a  ground  on  the 
battery  wire  or  control  wire  of  some  other  circuit,  as  for  in- 
stance in  arrester  D,  the  current  from  battery  E  passing  through 
the  earth  as  shown  by  arrows  and  working  in  series  with  bat- 
tery F.  Of  course  in  order  to  produce  this  last  condition  the 
batteries  if  of  equal  voltage,  or  nearly  so,  will  be  found  to  have 
their  polarity  so  arranged  that  they  will  not  oppose  each  other ; 
however  if  one  battery  is  of  much  higher  voltage  than  the  other, 
it  may  overcome  the  latter,  if  they  do  oppose  each  other,  and 
thus  cause  a  clear  failure. 


543.  When  the  controlled  relay  is  not  at  the  end  of  the  cir- 
cuit, but  at  an  intermediate  point,  bs  illustrated  in  Fig,  161  ^ 
then  if  the  trouble  is  not  found  in  this  relay  or  at  its  location,. 
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and  the  contact  which  failed  to  de-energize  it  is  towards  the 
battery,  the  tests  described  in  Arts.  516-530  should  be  em- 
ployed, and  if  in  the  opposite  direction,  the  test  described  in 
Arts.  532-534. 

644.  In  other  circuit  arrangements  than  those  which  have 
been  shown,  which  will  occasionally  be  met  with  in  this  class 
of  work,  the  same  general  principles  will  apply  for  locating 
and  removing  the  crosses  or  grounds  which  cause  the  controlled 
instruments  in  normally  closed  circuits  to  remain  energized 
when  controlling  contacts  are  open. 

* 

545.  In  all  cases  it  should  be  remembered  that  either  the 
contact  or  contacts  which  fail  to  de-energize  the  controlled  in- 
strument are  bridged  or  there  is  current  from  some  other  source 
coming  to  this  instrument  between  it  and  the  nearest  contact 
which  has  failed  to  operate  it. 

646.  Normally  Open  Circuits:  If  the  relay,  or  other  con- 
trolled instrument,  of  a  normally  open  line  circuit  fails  to  pick 
up  properly  when  a  controlling  contact  is  closed,  any  dangerous 
condition  that  might  be  caused  by  such  a  failure  should  first 
be  guarded  against  as  mentioned  in  Art.  515. 

647.  If  there  are  two  or  more  controlling  contacts,  it  should, 
if  possible,  be  observed  whether  the  closing  of  any  of  them 
will  energize  the  controlled  instrument.  If  the  instrument  oper- 
ates for  any  of  these  contacts,  it  may  be  assumed  that  the  failure 
is  caused  by  a  break  or  high  resistaiice  in  the  branch  of  the 
circuit  which  goes  to  the  contacts  that  failed,  which  should  be 
located  as  described  in  Arts.  562-565. 

648.  Battery  and  Controlled  Instrument  at  Same  Location. 
If  the  controlled  instrument  fails  to  pick  up  for  any  of  the 
controlling  contacts,  assuming  that  this  instrument  is  a  relay 
and  that  the  battery  is  at  the  same  location,  a  test  wire,  or  if 
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convenient,  an  ammeter  should  be  connected 
as  shown  in  Fig.  172.  If  the  relay  picks  up 
strongly,  it  may  be.  assumed  that  the  bat- 
tery, relay  and  wiring  to  the  lightning  ar- 
resters, are  in  good  condition.  If  an  am- 
meter is  employed,  a  reading  somewhat 
above  the  normal  current  usually  flowing 
when  the  circuit  is  closed,  will  confirm  this 
conclusion.  In  such  a  case  the  test  lead 
shown  attached  at  point  L  should  be  changed 
Fiff.  172  to  J,  and  if  a  similar  result  is  obtained,  it 

indicates  that  arn^ster  J — L  is  in  good  condition,  in  which 
case,  this  lead  should  be  left  attached  at  point  J  and  arrester 
K — M  tested  in  the  same  manner. 


649.    If  when  the  test  wire  or  meter  was  first  connected  at 
points  L  and  M,  the  relay  failed  to  pick  up,  it  of  course  indi- 
cates that  there  is  trouble  at  this  location.     If 
a  meter  was  employed  and  a  normal  reading  or 
higher  was  obtained  and  the  relay  failed  to  pick 
up,  the  meter  should  be  connected  as  shown  in 
Fig.  173.     If  the  reading  now  obtained  is  nor- 
mal or  above  and  the  relay  fails  to  pick  up,  it 
is  evident  that  one  or  both  of  its  coils  are  shunt- 
ed.    If  a  normal  or  slightly  higher  reading  is  [ 
obtained  and  the  relay  operates  properly,  it  in-   j    p        a 
dicates  that  there  is  defective  insulation  between  'wnlllllll" 
the  wires,  at  point  S,  in  which  case  wire  L — N 
or  wire  P — Q,  Fig.  172,  (whichever  is  more  con-        ■^**-  '^' 
venient)  should  be  disconnected  at  both  ends,  and  a  temporary 
wire  connected  in  its  place,  until  the  defect  is  remedied. 


550.  If,  with  the  ammeter  connected  a^?  shown  in  Fig.  172, 
no  reading  or  one  much  below  the  normal  current  of  the  cir- 
cuit is  obtainc^d.  it  also  indicates  that  the  trouble  is  at  this  lo- 
cation. Th(»  meter  lead  Fig.  172,  should  now  be  taken  from 
point  L  and  touched  at  point  N,  with  the  other  lead  still  at- 
tached at  point  ^I   for  a  test  wire  connected  between  points  M 
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and  N).    If  the  relay  now  picks  up  it  of  course  shows  that  wire 
L — ^N  is  defective. 

661.  If,  however,  a  low  or  no  reading  is  thus  obtained,  the 
test  lead  should  again  be  attached  at  point  L,  and  a  voltage 
reading  taken  at  the  terminals,  N  and  P,  of  the  relay.  If  a 
normal  voltage  or  higher  is  thus  obtained,  it  of  course  shows 
that  there  is  a  break  or  high  resistance  in  the  relay.  If  this 
reading  is  below  normal,  the  battery  should  be  inspected  and 
tested  as  described  in  Arts.  459-460,  with  a  test  wire  connected 
at  L  and  M. 

662.  If  the  battery  is  found  to  be  in  good  condition  and  the 
tests  show  that  there  is  a  break  or  high  resistance  in  the  cir- 
cuit, this  defect  must  be  either  in  wire  P — Q  or  wire  M — R, 
which  can  now  be  tested  by  connecting  a  test  wire  in  multiple, 
first  with  one  and  then  with  the  other. 

663.  If  the  tests  at  the  battery  indicate  a  shunt  on  the  cir- 
cuit, there  must  be  defective  insulation  between  these  two  wires, 
one  of  which  should  now  be  disconnected  at  both  ends  and  a 
temporary  wire  used  in  its  place,  until  the  defective  insulation 
is  repaired. 

664.  If  the  relay  picks  up  strongly  and  a  good  reading  is 
obtained  at  points  J  and  K,  when  testing  as  explained  in  Art. 
548,  it  indicates  that  there  is  a  break  or  high  resistance  in  the 
circuit  beyond  these  points.  In  this  case  the  voltmet(*r*  should 
be  connected  at  the  same  points,  and  its  reading  carefully 
noted. 

566.  If  there  are  two  or  more  controlling  contacts,  the  volt- 
meter should  now  be  connected  between  joint  T,  where  the  rub- 
ber covered  wire  is  attached  to  the  line,  and  point  K.  If  a 
lower  reading  is  thus  obtained,  it  of  course  indicates  that  wire 
T — fl  is  defective,  if  not,  the  meter  should  be  connected  be- 
tween joint  U  and  point  J,  for  a  similar  test  on  wire  V — K. 
If  a  meter  is  not  at  hand  these  wires  may  be  ti^sted  by  employ- 
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ing  a  test  jumper  instead  of  the  meter  and  observing  the  opera- 
tion of  the  relay  (whieh  should,  of  course,  pick  up,  in  each  case 
unless  there  is  a  defect.) 

If  both  rubber  covered  wires  are  thus  shown  to  be  in  good 
condition,  the  trouble  should  now  be  looked  for  beyond  this  point. 

666.  At  the  nearest  contact  to  the  controlled  relay,  which  is 
in  this  case  assumed  to  be  a  spring  key,  the  voltmeter  should 

A     B     "***  *=pj|jj?^^<^      be  connected  as  shown  in  Fig.  174.*     A 

low  or  no  reading  should  now  be  obtained, 

showing  that  there  is  a  break  or  high  re- 
sistance between  this  location  and  that  of 
,    ▼  the  controlled  relay.    If  there  is  any  doubt 

FiB.  174  as  to  whether  the  other  contacts  will  oper- 

ate the  controlled  relay,  the  voltmeter  may  be  attached  at 
joints  A  and  B  where  a  similar  result  will  show  that  the  trouble 
is  on  the  line  and  has  already  been  passed.  The  line  must  now 
be  tested  either  by  taking  voltage  readings,  or  with  a  magneto, 
as  already  described. 

667.  If  there  is  but  one  controlling  contact  the  test  of  the 
rubber  covered  wires  J — T  and  K — U,  Fig.  172,  may  be  omitted 
if  it  is  not  ('onvenient  to  make  them,  the  maintain er  proceed- 
ing at  once  to  this  contact. 

Assuming  that  the  circuit  is  controlled  through  ^ 

the   back  contact   of  a   relay   at  this   point,   the  ^      "^ 

meter  should  be  connected  as  shown  in  Fig.  175.  ^Tl  Q   B 
If  this  produces  a  reading  only  slightly  below 

the  one  obtained  between  points  J  and  K,  Fig.  JJ_ 

172,  it  indicates  that  the  trouble  is  in  the  con-  *^-^ 

tact,   or   its   connections    within   the   instrument,  f     ^  > 

As  a  check  on  this  test,  the  contact  may  now  be  ^^^  ^j^ 
closed**  and  a  fair  reading  should  still  be  obtained,  which  would 
not  be  the  case  if  this  were  in  good  condition. 


•If  no  li^htningr  arresters  or  terminals  are  used  at  this  point,  the 
rubber  covered  wlre.s  being  brouglit  direct  to  the  key,  this  test  should 
of  course,   be   made   at   its   binding:   posts. 

**As  this  may  close  the  line  circuit  and  thus  operate  the  apparatus 
connected  witli  it.  it  may  bo  desirable  to  have  an  understanding:  with 
those  concerned  (such  as  cro.ssinjj  llagmen.  etc.)  or  to  have  a  helper 
stationed  at  the  controlled  instrment,  (as  for  instance  In  the  case  of 
a  stick  relay  controlling  a  crossing  alarm)  to  prevent  its  operation 
from  hindering  trafllc  on  the  highway.  Of  course  in  many  cases  it 
will  be  possible  to  cu/  out  tlie  apparatus  operated  by  the  controlled 
instrument,  after  the  necessary  steps  have  been  taken  to  insure  safety, 
until  the  trouble  has  been  remedied.  This  condition  should  be  guarded 
against   in   other  tests   hereafter  given. 
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668.  If  when  the  meter  is  connected  as  shown  in  Fig.  175, 
no  reading  is  obtained  or  one  much  lower  than  that  between 
points  J  and  K,  Fig.  172,  it  indicates  that  the  trouble  is  nearer 
the  controlled  relay.  However,  if  any  reading  is  obtained,  it 
is  well  to  close  the  contact,  which  if  in  good  condition  should 
cause  the  pointer  to  go  to  zero  or  very  nearly  so. 

If  such  a  condition  is  found,  the  meter  should  be  connected 
between  points  A  and  B.  If  the  reading  thus  obtained  is  much 
higher  than  the  last,  it  indicates  that  the  trouble  has  already' 
been  passed  and  may  be  located  By  closing  the  contact  (or 
bridging  it  with  a  jumper)  and  then  connecting  a  test  wire  in 
multiple  first  with  one  arrester  and  then  the  other,  and  then 
with  the  wires,  noting  which  connection  shunts  the  meter. 

669.  If  the  reading  obtained  between  points  A  and  B  is 
practically  the  same  as  at  the  binding  posts  of  the  relay,  and 
closing  the  contact  affects  it  in  the  same  manner  the  defect 
must  be  nearer  the  controlled  relay  and  this  test  should  now 
be  repeated  at  points  C  and  D,  where  the  rubber  covered  wires 
are  connected  to  the  line  wires,  the  indications  being  the  same. 
If  the  trouble  is  thus  located  on  the  line,  it  should  be  tested 
as  already  described. 

660.  In  cases  where  there  is  but  one  controlling  contact  and 
it  is  found  more  convenient  to  reach  this  contact  before  going 
to  the  controlled  relay,  the  trouble  may  often  be  located  at 
once  by  the  tests  just  explained.  If  the  defect  is  not  found  tho 
readings  obtained  should  be  noted,  to  avoid,  if  possible,  having 
to  return  to  this  location. 

661.  In  cases  where  more  than  one  contact  is  employed  to 
close  the  circuit  and  the  controlled  instrument  operates  with 
some  but  not  with  others,  the  method  of  procedure  varies  some- 
what. 

662.  If  but  one  contact  fails  to  energize  the  controlled  in- 
stnunent  it  is  well  to  proceed  at  once  to  this  location  especially 
if  it  is  not  the  one  farthest  from  the  controlled  instrument,  and 
test  as  described  in  Arts.  557-559,  as  the  trouble  is  doubtless  in 
this  branch  of  the  circuit. 
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663.  In  case  it  is  the  farthest  contact  from  the  controlled  in- 
stnunent,  if  convenient,  it  is  well  to  inspect  that  location  first, 
as  thB  trouble  may  be  there  or  in  the  line  between  it  and  the 
point  where  the  branch  to  the  next  contact  is  tapped  oflE.  How- 
ever, this  may  not  be  the  case,  as  is  explained  in  Art.  565. 

664.  In  case  the  circuit  fails  to  work  for  two  or  more  con- 
tacts and  not  for  any  others,  the  contacts  for  which  it  failed 
must  of  course  be  those  farthest  from  the  controlled  instru- 
ment, or  else  there  are  two  or  more  causes  of  failure.  Assum- 
ing then  that  they  are  those  farthest  from  this  instrument,  tht' 
trouble  may  be  caused  by  a  break  or  high  resistance  in  the  cir- 
cuit between  these  contacts  and  the  next  contact  towards  the 
controlled  relay. 

666.  However,  w^hen  one  or  more  contacts  at  the  extreme  end 
of  the  circuit  fail  to  operate  it,  the  trouble  may  be  caused  by  a 
weak  battery  or  high  resistance  at  some  point  in  the  circuit  which 
weakens  the  current  so  much  that  the  controlled  instrument  fails 
to  operate  for  the  contacts  at  a  distance  but  continues  to  work 
for  those  nearer,  on  account  of  the  shorter  length  of  line  to  the 
latter. 

Such  a  condition  can  sometimes  be  detected  by  observing  the 
operation  of  the  controlled  instrument  (or  of  an  ammeter  in 
series  with  it),  which  in  such  cases  usually  operates  rather  weakly 
when  the  nearer  contacts  are  closed.  If,  however,  the  batters- 
appears  to  be  in  good  (condition,  and  the  controlled  instrument 
operates  strongly  for  the  nearer  contacts,  this  is  sufficient  evi- 
dence to  begin  testing  at  the  nearest  contact  which  fails  to 
operate  the  circuit  properly,  although  it  is  well  to  take  the 
voltage  reading  between  points  J  and  K,  Pig.  172,  for  com- 
parison when  making  such  tests. 

666.  In  some  instances,  there  are  controlling  contacts  in  both 
directions  from  the  location  of  the  controlled  instrument  and 
battery.  In  such  cases  if  none  of  the  controlling  contacts  oper- 
ate the  circuit,  the  cause  of  the  failure  (that  is,  unless  there 
are  two  or  more  causes)  must  be  between  the  battery  and  joinfs 
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T  and  U,  Fig.  176,  on  either  side  of  the  circuit,  or  both  in  case 
of  a  shunt,  and  can  be  located  by  testing  as  described  in  Art.  548. 

567.    If  with  this  arrangement,  part  of  the  contacts  are  still 
operating  the  circuit,  the  method  of  conducting  the  test  will  be 

governed    accordingly,    using    the    principles 
already  outlined. 

568.     Batteries  at  Other  Locations.   In  some 
instances,    especially   w-hen   there   is   but   one 
controlling  contact,  the  battery  may  be  placed 
at  the  same  location  with  this  contact.    In  such 
cases,  if  the  controlled  instrument  fails  to  pick 
pigr.  i7«         ^^p  ^vhen  this  contact  is  closed,  it  is  well  to  be- 
gin testing  at  the  battery  location.    However,  a  visual  inspection 
may  first  be  made  at  the  location  of  the  controlled  instrument, 
if  convenient. 


569.  At  the  battery  location,  the  controlling  contact  should 
first  be  bridged  with  an  ammeter  or  voltmeter 
as  shown  in  Fig.  177,  in  which  it  is  assumed 
that  the  circuit  is  controlled  through  the  back 
contact  of  a  relay,  and  if  a  reading  is  obtained 
the  contact  should  now  be  closed.  If  this  causes 
the  pointer  to  return  to  zero,  or  nearly  so,  it 
indicates  that  the  contact  and  its  connections 
are  in  good  condition;  if  not,  they  should  be 
(examined  and  the  contact  cleaned  if  necessarv. 

Fig.  177 

670.  If  the  meter  (in  this  case  an  ammeter)  gives  a  reading 
much  higher  than  normal,  it  of  course  shows  that  there  is  a 
shunt  on  the  circuit,  between  the  contact  and  the  controlled 
instrument. 

In  case  there  is  such  a  shunt  which  is  taking  considerable  cur- 
rent, and  the  battery  is  of  the  open  circuit  type,  it  is  not  de- 
sirable to  keep  it  closed  onto  the  circuit  very  long,  as  it  would  be 
likely  to  polarize  or  exhaust  the  battery.  In  such  instances,  if 
the  shunt  is  found  to  be  outside  of  the  battery  location  it  is  the 
best  plan  to  test  for  it  with  a  magneto,  first  at  the  location  of 
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the  controlled  instrument  and  then  if  necessary  on  the  line,  as 
directed  in  Arts.  495-496,  or  if  convenient  with  the  Wheatstone 
bridge,  Art.  499. 

671.  If  when  the  meter  was  cut  in  as  shown  in  Fig.  177,  no 
reading  was  obtained  or  a  low  one  (below  the  normal  current 
if  an  ammeter  is  employed)  and  the  closing  of  the  contact  shows 
that  it  is  in  good  condition,  the  battery  should  be  examined  and 
tested  as  directed  in  Arts.  459-461. 

572.  If  the  battery  is  found  to  be  in  good  condition,  a  reading 
obtained  on  a  meter  connected  in  series  with  the  battery,  when 
the  controlling  contact  is  open,  of  course  shows  that  there  is  poor 
insulation  between  the  two  wires  leading  from  the  battery. 

573.  If  a  shunt  is  not  indicated  by  these  tests  the  trouble  is 
probably  due  to  a  break  or  high  resistance,  and  therefore  it  is 
advisable  to  close  or  bridge,  with  a  jumper,  the  controlling  con- 
tact, and  definitely  determine  that  such  is  the  case,  after  which 
the  trouble  may  be  located  as  would  be  done  in  a  normally  closed 
circuit.  Art.  462,  keeping  the  contact  closed  (or  bridged)  until 
the  trouble  is  located. 

574.  Wh(»n  testing  for  failures  on  circuits  which  operate 
vibrating  bells  or  buzzers  it  is  often  convenient,  when  some  dis- 
tance away,  to  note  whether  the  bell  vibrates  by  observing  the 
motion  of  the  pointer  of  an  ammeter  when  in  series  with  the  bell, 
or  buzzer,  although  the  results  obtained  vary  with  the  speed  of 
vibration,  and  to  some  extent  with  the  type  of  meter  employed. 
A  tester  of  the  type  illustrated  in  D.  C.  Track  Circuits — Testing, 
is  also  very  convenient  for  making  such  tests. 

575.  Controlled  Belay  Fadling  to  Release,  If  the  controlled 
instrument  of  a  normally  open  line  circuit  fails  to  release 
properly  (or  in  the  ease  of  a  bell  or  buzzer,  continues  to  operate 
improperly),  it  is  advisable  to  disconnect  the  wire  from  one  of 
its  terminals  and  note  the  result.  If,  as  in  the  case  of  a  relay,  it 
still  fails  to  release,  it  is  of  course  out  of  order  and  must  be  re- 
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paired  or  replaced.     In  other  types  of  instruments  some  of  the 
parts  may  have  worked  out  of  adjustment. 

676.  If  the  instrument  releases  properly  when  disconnected, 
it  should  again  be  connected  up  and  its  action  observed.  If  it 
picks  up  again,  or  in  ease  it  does  not  pick  up  and  a  voltage  or 
current  reading  taken  at  its  terminals  is  between  its  drop-away 
and  pick-up  points,  it  may  be  assumed  that  the  trouble  is  not  in 
this  instrument.  In  case  there  is  current  still  flowing,  but  not 
enough  to  pick-up  the  instrument  (as  just  mentioned),  it  is  weU 
to  leave  the  meter  connected  at  its  terminals  and  test  as  follows. 


677.  Assuming  that  the  battery  is  at  the  same  location,  the 
wire  should  now  be  disconnected  at  point  J,  Fig.  172.  If  this 
fails  to  de-energize  the  instrument  or  to  cause  the  pointer  of  the 
meter  at  its  terminals  to  go  to  zero,  it  shows  that  there  is  de- 
fective insulation  between  points  J  and  N,  which  of  course  may 
be  more  closely  located  by  disconnecting  at  point  L. 

If,  however,  the  current  is  cut  off  from  the  instrument  when 
the  circuit  is  opened  at  J,  it  should  now  be  closed  at  that  point 
and  disconnected  at  point  K,  and  if  this  fails  to  de-energize  the 
controlled  instrument  or  to  drop  the  meter  reading  to  zero,  it  in- 
dicates that  there  is  defective  insulation  (probably  a  ground) 
between  points  K  and  R,  which  may  be  located  more  closely  by 
disconnecting  at  M. 

678.  If,  however,  the  current  is  cut  off  when  the  circuit  is 
open  at  point  K,  this  wire  should  again  be  connected,  and  the 
test  taken  up  at  the  location  of  the  nearest  contact.  At  this  loca- 
tion, if  the  contact  appears  to  be  in  good  condition,  a  meter 
(preferably  an  ammeter)  should  be  connected  as  shown  in  Fig. 
178,  in  which  it  is  assumed  that  the  controlling  instrument  is  a 
spring  key*. 

If  a  reading  is  now  obtained  it  shows  that  there  is  defective 
insulation  at  this  location,  which  can  be  more  closely  located  by 


•See  footnote  Art.  556. 
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disconnecting  at  points  B  and  C.  If  no  reading 
is  obtained,  the  wire  should  be  replaced  at  A 
and  a  similar  test  made  with  the  meter  cut  in 
at  D,  disconnecting  if  necessary  at  points  E 
and  F.  If  one  of  the  line  wires,  for  instance 
that  connected  to  point  D,  is  a  permanently 
Ki».  178  grounded  common  wire,  the  test  at  that  point 

may  be  omitted,  the  testing  being  confined  to  the  control  van'. 

If  this  does  not  locate  the  trouble,  similar  tests  should  now  be 

made  at  other  contact  locations,  until  all  have  been  tested  or  the 

trouble  found. 

679.  If  these  tests  are  not  effectual  in  locating  defective  insu- 
lation, the  rubber  covered  leads,  from  the  arresters  to  the  line 
wires  at  the  various  locations  should  be  examined  or  tested. 

At  the  location  of  the  battefy  and  controlled  relay,  they  are 
tested  by  observing  the  action  of  the  relay  or  a  meter  in  series 
with  it,  as  mentioned  in  Art.  577,  when  the  wires  are  discon- 
nected first  at  joint  T  and  then  joint  U,  Fig.  172.  Another 
method  is  to  leave  the  relay  properly  connected  and  cut  a  meter 
in  series,  first  at  one  joint  and  then  at  the  other,  in  which  case  a 
reading  indicates  that  the  rubber  covered  wires  are  in  good  con- 
dition. If  no  reading  is  obtained  at  one  of  these  joints,  it  should 
be  left  open  and  the  current  at  the  relay  noted ;  if  there  is  still 
current  passing  through  the  relay,  it  of  course  shows  that  the 
insulation  of  the  disconnected  rubber  covered  wire  is  defective. 

680.  To  test  the  rubber  covered  wires  at  the  locations  of  con- 
trolling contacts,  the  meter  should  be  cut  in  first  as  shown  at 
joint  G,  Fig.  179,  and  then  at  joint  H,  where      — 


a  reading,  at  either  point,  will  show  defective      [O--^ 
insulation  on  the  rubber  covered  wire  connected 
to  it. 


5^ 


H 
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681.    If  these  tests  fail  to  locate  the  trouble, 
it  must  be  on  the  line  where  it  can  be  located 
by  cutting  the  line  and  testing  witli  the  meter  or  with  a  magneto, 
or  by  the  use  of  a  WheatvStone  bridge. 
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In  these  tests  it  should  be  remembered  that  the  cross  or  ground 
may  be  at  any  point  between  the  extreme  ends  of  the  circuit. 

If  a  ground  on  the  control  wire  is  thus  located,  the  removal  of 
which  restores  the  circuit  to  working  condition  the  correspond- 
ing ground,  either  on  the  other  side  of  this  circuit  or,  if  a  com- 
mon wire  is  employed,  on  another  circuit,  should,  of  course,  also 
be  located  and  removed,  that  is,  unless  the  common  wire  is  kept 
permanently  grounded. 

582.  In  case  an  open  circuit  battery  is  employed,  which 
would  be  likely  to  become  polarized  or  exhausted  if  kept  closed 
onto  the  line  for  testing,  or  in  case  the  controlled  instrument  is 
a  bell  or  buzzer  which  would  be  troublesome  if  allowed  to  operate 
continuously,  then,  if  the  trouble  is  not  found  at  the  location  of 
the  controlled  instrument,  it  will  probably  be  desirable  to  dis- 
connect the  circuit  just  outside  the  lightning  arresters  at  this 
location  (as  at  points  J  and  K,  Fig.  172)  and  test  with  a  mag- 

neto  at  the  contact  locations  as  shown  in  Fig. 


u 


& 


180,  in  which  case  a  ring  will,  of  course,  show 
B        trouble  at  this  location. 

If  no  ring  is  thus  obtained  the  wire  ordi- 
narily connected  at  point  A  should  now  be 
touched  to  the  binding  post  while  the  magneto 


Fi«r.  iHo  is   being   operated;   this  should  now  cause   a 

ring  showing  that  there  is  poor  insulation  on  this  side  of  the 
circuit  outside  of  the  arresters.  If  the  other  side  of  the  circuit  is 
on  a  separate  wire  or  on  a  common  which  is  ordinarily  kept  free 
from  grounds,  the  same  test  should  now  be  made  at  point  B. 

683.  If  there  are  controlling  contacts  in  both  directions  from 
the  controlled  relay,  as  in  Fig.  176,  and  if  after  testing  at  the 
location  of  the  battery  and  controlled  relay,  it  is  necessary  to  go 
to  the  controlling  contacts,  it  is  well  to  test  the  short(»r  end 
first,  or  the  end  on  which  there  are  the  fewer  contacts. 

684.  When  testing  the  controlled  instrument  as  described  in 
Art.  576,  it  may  occasionally  happen  that  the  armature  drops 
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when  it  is  first  disconnected  and  does  not  pick  up 

again,  or  a  reading  is  not  obtained  on  the  meter, 

when  it  is  again  connected.    In  such  cases  it  is  well 

to  connect  a  test  wire  as  shown  in  Pig.  181,  while 

the  meter  is  still  connected,  which  should,  of  course, 

energize  the  relay  and  give  a  reading  on  the  meter. 

The  test  wire  should  now  be  removed,  being  careful 

not  to  jar  the  relay.     If  the  armature  now  stays 

up  and  a  reading  is  obtained  it  shows  that  there       ^.^  ^g^ 

is  defective  insulation  in  the  relay. 

685.  If  the  battery  is  at  the  location  of  the  controlling  eon- 
tact  (assuming  that  there  is  but  one),  and  if  it  has  been  deter- 
mined that  the  apparatus  at  the  controlled  instrimient  is  in  good 
condition,  it  is  desirable  to  go  to  the  controlling  contact,  and  if 
this  appears  to  be  in  good  condition,  a  meter  should  be  placed  in 
series  at  the  battery. 

If  the  circuit  is  isolated,*  a  reading  should  now  be  obtained, 
showing  that  there  is  -defective  insulation  between  the  battery 
and  the  contact,  which  is  operating  in  connection  with  another 
defect  between  the  contact  and  the  controlled  instrument.  It  is 
well  now  to  disconnect  as  at  point  A,  Fig.  177,  which  will  show 
whether  the  defect  is  in  the  wire  or  the  instrument. 

586.  If  the  wire  is  grounded  it  may  be  disconnected  at  both 
ends  and  a  temporary  substitute  employed,  while  it  is  being  re- 
paired. The  second  ground  may  be  located  with  a  magneto, 
first  testing  at  each  end  and  then  if  necessary  on  the  line  with  the 
rubber  covered  wires  at  each  end  disconnected  from  it.  It  will 
be  observed  that  this  is  also  a  very  favorable  condition  for  the 
use  of  a  "Wheatstone  bridge,  as  an  additional  wire  is  not  necessary. 

587.  If  the  return  for  the  circuit  is  on  a  common  wire  and 
no  reading  is  obtained  when  the  meter  is  cut  in  at  the  battery, 
it  indicates  that  the  control  wire  is  grounded,  and  that  cur- 
rent is  coming  from  another  circuit,  as  shown  in  Fig.  142.    In 


♦Not  connected  to  any  other,  as  by  a  common  wire. 
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such   a   case   a   meter  should   be   connected   as      

shown  in  Fig.  182^  a  reading  indicating  that  the 
ground  is  between  the  meter  and  the  contact, 
and  no  reading,  that  it  is  towards  the  con- 
trolled instrument.  If  the  latter  condition  is 
found,  the  test  should  now  be  repeated  at  joint 
A  where  the  rubber  covered  wire  is  attached 
to  the  line.  If  this  shows  that  the  ground  is 
still  further  towards  the  controlled  instrument 
the  rubber  covered  wire  at  that  location  should  *****  **^ 

now  be  tested  in  a  manner  similar  to  that  described  in  Art.  579. 
If  necessary  tlie  test  should  now  be  made  by  cutting  the  line. 
This  groimd  may,  of  course,  be  located  by  the  use  of  a  mag- 
neto or  bridge. 

688.  If,  when  the  battery  is  not  at  the  location  of  the  con- 
trolled instrument,  this  instrument,  after  being  disconnected, 
fails  to  pick  up,  as  described  in  Art.  584,  it  is  well,  if  con- 
venient, to  test  it  with  a  battery  of  about  the  same  voltage  as 
that  used  on  the  circuit,  which  may  often  be  borrowed  from 
some  other  circuit  temporarily.  One  terminal  of  this  temporary 
battery  should  of  course  be  attached  to  the  common  wire  and 
the  other  used  to  test  with,  as  described. 

689.  Orounds  on  the  Common  Wire.  If  a  common  wire, 
which  extends  several  miles  and  forms  part  of  a  large  number 
of  circuits,  is  found  to  be  grounded,  and  an  inspection  of  light- 
ning arresters,  etc.,  fails  to  remove  the  ground,  it  may  be  de- 
sirable to  cut  it  in  order  to  locate  the  ground.  In  doing  this  c(m- 
siderable  care  must  be  exercised  not  to  produce  any  of  the  dan- 
gerous conditions  described  in  Arts.   127-134. 


590.  With  this  end  in  view,  a  location  should  be  selected  near 
the  middle  of  its  length,  if  possible,  where  only  one  circuit  is 
using  the  common  wire;  then  the  control  wire  of  this  circuit 
should  be  opened  at  the  most  convenient  point,  and  the  common 
wire  then  opened  and  tested  for  a  ground,  with  a  magneto,  first 
in  one  direction  and  then  in  the  other. 

After  the  common  wire  and  the  control  wire  are  again  con- 
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nected  the  test  should  be  repeated  at  a  location  which  will  about 
equally  divide  the  remaining  portion  of  the  common  where  it  is 
possible  for  the  groimd  to  be.  If  it  were  found  to  be  grounded 
each  way  from  the  location  of  the  first  test,  it  will,  of  course,  be 
necessary  to  conduct  two  series  of  tests,  one  in  each  direction. 

591.  When  it  is  not  possible  to  select  a  location  where  the 
common  wire  acts  as  a  conductor  for  only  one  circuit,  it  is  of 
course  necessary  to  open  all  control  wires  which  pass  the  point 
where  the  common  wire  is  to  be  cut.     However,  by  selecting  a 

suitable  location  at  the  ends 
of  one  or  more  circuits,  as 
for  instance  at  a  highway 
crossing,  it  may  be  possible, 
by  arranging  some  tempo- 
rary wiring,  to  keep  most  of 
the  circuits  in  operation 
while  the  teM  is  being  made. 
FiK.  i8»  For  example,    in   Pig.    183, 

the  circuit  controlled  through  the  contact  on  relay  A  is  opened 
at  point  B,  as  already  explained,  while  the  tap  from  the  common 
wire  is  disconnected  from  relay  C,  the  temporary  tap  shown 
do^^ted  first  being  run  from  this  terminal  of  the  relay  to  the  com- 
mon wire  just  west  of  point  X,  where  the  common  wire  is  to  be 
cut.  Thus  the  circuit  through  the  contact  of  relay  A  is  the  only 
one  which  is  out  of  service  while  the  test  is  being  made. 

592.  As  ?nay  be  assumed  from  the  foregoing,  a  common  wir»' 
may  be  extended  indefinitely  carrying  current  for  any  number 
of  circuits  at  various  points.  However,  in  order  to  more  readily 
locate  grounds  and  to  limit  the  effects  of  foreign  current  (Art. 
594)  it  is  the  practice  in  many  eases  to  limit  the  common  wires, 
a  length  of  ten  miles  being  considered  good  practice,  although 
in  some  instances  it  has  been  found  desirable  to  limit  them  to 
a  length  of  two  miles. 

593.  Stick  Relay  Circuits:  When  testing  for  failures  on 
normally  open  stick  relay  cicuits,  it  is  usually  the  best  plan  to  dis{ 
connect  the  stick  circuit  at  the  relav  contact  and  then  to  t<^t 
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as  has  been  described  for  ordinary  normally  open  cireaits.  When 
testing  on  normally  closed  stick  relay  circuits  the  stick  circuit 
should  be  closed  by  a  temporary  jumper  connected  aroimd  the 
stick  contact,  and  the  test  conducted  as  described  for  normally 
closed  circuits. 

As  such  alterations  in  the  circuits  are  likely  to  cause  dangerous 
conditions,  these  should  be  guarded  against  before  the  changes* 
are  made. 

694.  Foreign  Onrrent:  As  already  intimated,  trouble  is 
sometimes  experienced  on  line  circuits,  by  the  presence  of  for- 
eign current. 

696.  Source.  As  in  the  case  of  track  circuits,  the  principal 
sources  of  foreign  current  on  line  circuits,  is  leakage  from  high 
voltage  circuits  such  as  electric  car,  power  and  lighting  circuits,* 
stray  propulsion  current  being  generally  considered  the  most 
common. 

Leakage  through  the  insulation  on  wires,  especially  long  com- 
mon wires  having  many  branches  carried  underground  through 
damp  trunking,  often  allows  enough  stray  current  to  collect  on 
Ihese  wires  to  interfere  with  the  operation  of  instruments  con- 
nected to  them. 

696.  In  some  cases  a  voltage  reading  may  be  obtained  be- 
tween the  common  wire  and  the  ground  which  varies  consider- 
ably, often  changing  in  polarity. 

In  such  cases  it  will  be  seen  that  a  ground  on  a  control  wiro 
might  cause  a  clear  failure,  and  th^is  a  very  dangerous  con- 
dition rcsiili 

In  otluT  cases  th«^  foreign  voltage  maj  neutralize  or  rt?verse 
the  flow  of  current  in  a  circuit,  possibly  by  overloading  the 
I'oniinon  wire  (Arts.  128-134)  and  thus  cause  intermittent  fiiil- 
im's,  resulting  in  the  occasional  improper  ringing  of  an  alari»i, 
etc. 


•The  term  "foreigrn  current"  is  frequently  applied  to  current  which 
mpy*1eak  from  one  sigrnal  circuit  to  another,  as  shown  in  Figr.  142,  but 
as  grenerally  applied  means  current  from  other  sources,  and  unless  other- 
wise noted,  will  be  so  understood  hereafter. 


210  HIGHWAY   CROSSING   SIGNALS 

697.    Testing.     Whenever  there  are  high  voltage  eireiiitn  in 
the  neighborhood  of  line  circuits,  especially  when  a  common  wiro 
's  employed,  it  is  a  very  good  plan  to  occasionally  ti*st  with  a 
voltmeter  between  various  parts  of  the  circuits  and  a  firround. 
the  lightning  arresters  being  a  convenient  point  to  do  this.    If 
a  reading  is  obtained  it  is  advisable  to  observe  for  several  minuti's 
the  action  of  the  voltmeter.    When  testing  on  a  circuit,  a  j^jround 
on  another  circuit  connected  to  the  same  common  wire  may  of 
course  produce  a  reading,  in  some  cases  as  high  as  the  suiu  dI 
the   two   highest    voltage    batteries   connected   to   this    common 
wire*  but  an  exceptionally  high  voltage  at  any  time  indicates 
foreign  current.    Readings  caused  by  it  when  due  to  propulsioi. 
current,  will  often  be  found  to  change  in  a  manner  apparently 
following  the  movement  of  the  controller  on  an  electric  car. 

698.  Remedies*^  In  circuits  employing  direct  current,  prob- 
ably th(»  most  efficient  remedy  for  foreign  current  is  to  pro- 
vide a  separate  return  wire  for  each  circuit,  and  employ  back 
contact  shunts  on  controlling  devices,  wherever  possible,  can* 
being  taken  that  they  are  so  connected  that  the  controlled  in- 
strument and  not  the  battery,  is  shunted  by  the  back  contaet. 
These  back  contacts  should  frecjuently  be  inspected,  their  re- 
sistance t(»sted,  and  when  necessary  cleaned,  so  that  they  will 
at  all  times  be  effective  in  shunting  out  any  foreign  current 
which  may  appear.  If  a  back  contact  is  found  to  be  blackened. 
it  is  usually  an  indication  that  it  has  been  carrying  consider- 
able current,  the  source  of  which  should  if  possible  be  de- 
tc^rmined,  with  a  view  to  overcoming  it. 

599.  If  it  is  not  practicable  to  provide  a  separate  return 
for  all  circuits,  conditions  wnll  often  be  considerably  improv^nl 
by  cutting  the  common  wire  at  as  many  points  in  its  length  as 
circinnstances  permit.  Of  course,  where  circuits  using  separate 
(commons  overlap,  the  connnon  wires  must  also  overlap;  however, 
when  cutting  conmion  wires,  points  may  often  be  selected  where 


♦See  Art.  542. 

••It  is  genorally  conceded  that  the  best  method  of  g-uardlng  agrainst 
forelgrn  current  is  the  use  of  alttrnating  current  of  the  proper  frequency 
in  the  .signal  circuits,  with  instruments  which  will  respond  only  to 
su(;li   current. 
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only  a  small  amount  of  additional  wire  will  be  required  on  ac- 
count of  overlapping. 

600.  Frequent  tests  should  be  made  for  grounds,  the  most 
suitable  time  being  after  a  long  rain  when  everything  is  in  a 
very  damp  condition.  A  magneto  is  very  convenient  for  this 
purpose,  as  it  may,  in  most  cases,  be  used  at  any  time  without 
dang(*r  of  improperly  operating  any  of  the  apparatus.  A  close 
watch  should  be  kept  on  lightning  arrestee  as  they  are  gen- 
erally the  weakest  spot  for  accidental  grounding. 

601.  In  some  cases  it  has  proved  beneficial  to  raise  buried 
trunking,  through  which  line  circuits  pass,  and  place  it  upon 
stakes  clear  of  the  ground.  This  tends  to  keep  the  rubber 
covered  wires  dryer  and  thus  they  are  less  likely  to  become 
grounded. 

602.  It  may  be  found  advantageous  to  study  the  situation, 
taking  into  consideration  the  location  of  the  power  house  or 
substation  of  the  high  tension  circuits,  from  which  the  trouble 
seems  to  come ;  also  the  polarity  of  these  circuits  and  the  direc- 
tion in  which  they  are  likely  to  cause  leakage  to  flow.  It  may 
sometimes  be  possible  to  note  the  lo(*ation  of  cars  on  an  electric 
road  when  the  trouble  is  present.  If  the  route  of  the  forc^ign 
current  can  thus  be  determined,  a  path  may  sometimes  be  pro- 
vided for  it,  possibly  by  grounding  it  or  otherwise,  and  then 
blocking  it  off  from  the  signal  circuits  where  it  formerly  reached 
them. 

In  some  instances  the  use  of  higher  resistance  instruments, 
which  of  course  require  a  higher  voltage  to  operate  them,  may 
improve  conditions. 

603.  Intermittent  Failures:  If  it  is  found  that  a  line  cir- 
cuit is  subject  to  intermittent  failures,  and  the  maintainer  do(*s 
not  arrive  on  the  ground  when  it  is  failing,  he  should  make  a 
very  thorough  inspection  of  all  portions  of  the  circuit  which 
are  accessible.  All  binding  posts  and  connectors  should  be 
examined  to  be  sure  that  there  are  no  loose  binding  screws  or 
nuts  and  the  wires  attached  to  them  tested  with  a  slight  pull 
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as  they  are  sometimes  cut  oflf  within  a  post  or  connector,  or 
broken  off  close  to  them. 

It  is  desirable,  especially  if  the  controlled  relay  or  other  > 
instrument  failed  to  release,  to  make  a  test  for  a  ground  on 
the  circuit  with  a  magneto  as  the  failure  may  have  been  caused 
as  explained  in  Arts.  530  and  542;  or  in  a  similar  manner. 
In  some  cases  failures  may  be  caused  by  battery  wires  or  con- 
nectors becoming  grounded  onto  the  inside  of  iron  chutes. 

604.  The  possibility  of  a  break  or  high  resistance  in  the 
common  wire,  or  of  an  overloaded  common,  should  be  con- 
sidered, and  also  the  possibility  of  foreign  current,  all  of  which 
are  likely  to  produce  intermittent  failures. 

Bare  line  wires  if  not  pulled  up  tightly  may  sometimes  swing 
producing  intermittent  crosses  or  grounds. 

If  it  is  found  that  the  failures  recur  at  any  particular  time 
of  day,  as  for  instance  such  failures  as  are  due  to  expansion  and 
contraction  of  metal  by  change  in  temperature,  it  may  be  de- 
sirable to  be  on  the  ground  at  that  time  so  as  to  test  when  the 
trouble  is  **on'\*  If  by  so  doing  the  maintainer  can  determine 
whether  the  trouble  is  being  caused  by  a  break  or  high  re- 
sistance, or  by  a  shunt,  it  will  of  course  be  of  considerable  as- 
sistance as  a  guide  in  locating  it. 

606.  Circuits  in  Trunking:  Testing  for  failures  of  circuits 
in  trunking  is  usually  conducted  in  a  manner  similar  to  that 
described  for  line  circuits.  If  it  is  found  necessary  to  eut  into 
the  insulation  of  wires  for  testing  purposes^  this  should  if  pos- 
sible be  done  in  slack  boxes  where  the  cuts  may  afterwards  be 
easily  inspected  whenever  desired. 

The  directions  given  for  cutting  and  repairing  the  insula>> 
tion  of  weather-proof  wire  (Arts.  476  and  479)  shotdd  be 
followed,  although  in  some  instances  it  may  be  desirable,  in 
order  that  the  resulting  insulation  be  as  good  as  the  original, 
to  cut  away  the  braid  each  way  for  one  or  two  inches  and 
apply  rubber  tape  and  P.  &  B.  compound,  before  applying  the 
friction  tape. 


♦Pre.sent. 
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606.  Instances  have  occurred  in  which  the  insulation  on  rub- 
ber covered  wires  which  were  run  in  trunking  buried  in  damp 
ground  for  a  length  of  only  a  few  feet,  had  deteriorated  so 
much  that  with  a  battery  of  less  than  10  volts,  enough  cur- 
rent leaked  from  one  wire  to  another  to  prevent  the  controlled 
instrument  from  releasing  properly.  In  such  cases  these  wires 
had  evidently  been  left  in  service  too  long,  and  in  order  to 
avoid  such  conditions,  it  may  be  found  desirable  to  occasionally 
test  the  insulation  between  wires  in  underground  trunking  with 
a  good  magneto  (one  that  will  ring  through  at  least  40,000 
ohms),  or  with  other  suitable  testing  instruments. 

607.  Oombination  of  Causes:  It  will  be  observed  that  in 
the  tests  given  for  locating  the  cause  of  failures  in  line  and  bell 
circuits,  it  has  been  assumed,  except  in  some  of  the  cases  of 
shunts,  that  there  is  but  one  cause  of  failure  present  at  one 
time.  However  instances  may  occur  in  which  the  failure  is  the 
result  of  more  than  one  defective  condition.  For  example,  a 
line  wire  may  break  and  one  or  both  ends  may  lay  on  the 
ground,  perhaps  in  water,  thus  the  circuit  may  be  grounded  as 
well  as  broken.  Therefore,  if,  when  testing,  the  readings  ob- 
tained are  not  as  expected,  they  should  be  judged,  having  in 
view  various  possible  combinations  of  defects. 

GENERAL  BIAINTENANOE 

608.  Designation:  In  order  to  readily  identify  the  location 
of  alarms,  in  telegrams,  etc.,  they  are  usually  given  some  designa- 
tion. This  may  be  the  name  of  the  street,  as  for  example, 
''Columbia  St.,  Colorado  Springs '^  but  where  the  name  of  the 
street  is  not  well  known,  the  crossing  may  have  a  name  such 
as  ** Smiths'  Crossing,  Carlisle''.  However,  where  there  are  two 
or  three  alarms  close  together  such  designations  as  ** North", 
*' Middle"  or  ** South  Crossing,  Croton  Falls",  are  frequently 
used. 

609.  Another  method,  which  is  very  convenient  on  sections 
where  there  are  a  large  number  of  alarms,  is  to  number  each 
one,  starting  at  one  end  of  the  section  or  division,  and  allow- 
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ing  a  number  for  each  crossing  where  it  is  possible  that  an 
alarm  may  be  placed.  Thus  if  a  new  alarm  is  installed,  it 
will  simply  take  the  number  provided  for  it,  and  consequently 
all  alarms  wnll  be  numbered  in  consecutive  order.  These  num- 
bers are  usually  painted  on  a  white  board  in  black  figures  4  or 
5  in.  high,  the  board  being  mounted  in  a  suitable  place  on  the 
bell  post. 

By  using  numbers  in  this  manner,  much  confusion  resulting 
from  streets  of  the  same  name  in  different  villages,  etc.,  may 
be  avoided. 

610.  Daily  Tests  and  Reports:  As  already  mentioned  it  is 
very  desirable  to  have  all  alarms  tested  daily.  Any  crossings 
that  are  within  reach  of  the  maintainer  or  a  competent  helper 
may  be  tested  by  them,  but,  in  many  cases  the  crossings  are 
out  of  their  reach  and  some  other  employe  must  be  detailed  for 
this  duty,  the  track  patrolman  or  a  station  attendant  often  be- 
ing employed. 

611.  The  best  test  that  can  ordinarily  be  made  in  such  cases 
is  to  be  present  at  the  crossing  when  a  train  is  approaching  and 
observe  the  operation  of  the  alarm,  noting  that  it  starts  and 
stops  when  the  train  is  at  the  proper  point,  and  that  the  bell 
gives  a  loud,  clear  ring.  This  observation  should,  of  course, 
be  made  separately  for  movements  on  all  tracks  over  which  it 
is  customar}^  for  trains  to  pass,  and  for  each  direction  in  single 
track  arrangements.  As  it  is  not  always  practicable  however 
to  make  such  a  test,  the  use  of  test  keys,  etc.,  may  be  satis- 
factory, except  as  noted  at  various  points  in  the  explanation 
of  the  circuit  arrangements. 

612.  Only  such  persons  as  are  familiar  with  the  operation 
of  the  alarms  in  relation  to  train  movements  should  be  permitted 
to  test  them.  This  is  especially  important  in  the  case  of  test 
keys  as  improper  testing  may  result  in  delays  to  trains  or  in- 
convenience to  traffic  on  the  highway. 

613.  In  some  instances  it  is  customary  to  require  those  w*ho 
t(*st  alarms  to  fill  out  a  daily  report  and  forward  it  by  train 
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mail  to  the  Supervisor  of  Signals  or  to  the  Division  Superin- 
tendent, in  order  to  insure  that  the  test  has  been  made.  A  re- 
duced fac-simile  of  such  a  report  form  is  given  below,  which  is 
intended  for  use  where  switches  are  employed  instead  of  keys 
for  testing. 


s.  p.  &  N.  A.  R.R. 

.SIGNAL   DBPARTMBNT. 


' 190., 

To 

Title 

at 

/  hereby  certify  that  I  person- 
ally examined  and  tested  Signal 

Bell  No 

located  

at  the  hour  of 

190.  .and  found  it  in  the  follow- 
ing condition 

Signed 

Title 

(See  InatriiettofiM  Other  Side.) 

(front) 


INSTRUCTIONS. 

The  person  who  is  desigrnated 
to  look  after  sigrnal  beUs,  must 
make  a  test  of  each  bell  each 
morningr  as  early  as  possible,  and 
know  they  are  in  working:  order. 
If  out  of  order  he  must  arrangre 
to  protect  the  place  until  the  de- 
fective condition  is  reported  and 
repaired.  One  of  these  forms 
must  be  filled  out  at  each  inspec- 
tion and  sent  to  the  officer  des- 
ignated to  receive  it. 

Bells  are  to  be  tested  by  un- 
lockingr  the  box  on  bell  post  that 
is  provided  with  a  switch  lock 
and  closingr.  one  at  a  time,  each 
knife  switcli  found  in  box.  If 
bell  rin^s  each  time  a  switch  is 
closed,  bell  is  in  workingr  order. 
Switches  must  always  be  left 
open,  whether  bell  is  in  working: 
order  or  not. 


(back) 


614.  Hand  Oar  Insulation:*  In  order  to  avoid  false  opera- 
tion of  alarms,  it  is  customary  to  so  insulate  hand  cars,  that 
they  will  not  shunt  track  circuits.     Another  eflPect  which  may 


•This  of  course,  applies  to  all  forms  of  light  cars. 
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be  produced  by  uninsulated  hand  ears,  is  the  locking  of  an 
interlocking  relay  when  a  train  is  approaching,  thus  interfer- 
ing with  the  proper  operation  of  the  alarm. 

Hand  cars  are  frequently  insulated  at  the  factory,  such  insu- 
lation usually  being  most  satisfactory.  However,  where  cars, 
that  are  not  insulated,  are  in  use,  the  necessary  insulating  parts 
may  be  applied  with  good  results. 

The  insulation  should  occasionally  be  tested  with  a  mag- 
neto, blocking  up  one  side  of  the  car  to  prevent  the  current 
from  passing  through  the  ground. 

616.  Temporary  Flagman:  In  some  cases,  in  order  to  avoid 
false  ringing,  it  is  desirable  to  cut  out  an  alarm  and  station 
a  temporary  flagman  at  a  crossing  when  a  controlling  track 
circuit  is  to  be  occupied  by  a  train  for  an  unusually  long  time. 
In  such  instances,  the  alarm  should  be  tested  when  again  cut  in. 

616.  When  a  temporary  flagman  is  stationed  at  a  crossing 
on  account  of  the  failure  of  an  alarm,  his  instructions  should 
be  such  that  he  will  remain  there  after  the  maintainer  arrives, 
until  released  by  the  latter.  If  the  flagman  should  leave  upon 
the  arrival  of  the  maintainer  and  the  alarm  could  not  be  put 
in  operation  without, the  maintainer  having  to  leave  the  cross- 
ing, he  would  either  have  to  leave  it  unguarded,  or  be  delayed 
in  making  repairs. 

617.  In  some  instances  it  is  customary  to  have  a  sign,  ordi- 
narily kept  in  a  suitable  receptacle  at  the  bell  post,  which  may 
be  attached  in  a  conspicuous  position  on  the  post,  to  be  ob- 
served from  the  highway.  This  sign  is  lettered  **  DANGER, 
Bell  out  of  Order**  and  is  placed  on  the  post  by  the  person 
who  makes  the  daily  test,  if  he  finds  that  the  alarm  is  not 
working  properly.  When  so  posted,  it  should  be  removed  only 
by  the  maintainer,  when  the  alarm  is  again  in  working  order. 

618.  Reporting  Failures  to  the  Maintainer:  Reports  of 
failure  should  be  forwarded  to  the  maintainer  by  wire,  as 
soon  as  possible,  giving  as  much  information  as  may  consistently 
be  contained  in  a  telegram.     For  instance,  rather  than  saying 
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**Bell  38,  out  of  order",  the  trouble  should  if  possible  be  stated 
more  fully,  as  **Bell  38  ringing  continuously",  or  **Bell  38 
fails  to  ring  for  west-bound  trains".  By  receiving  such  in- 
formation the  maintainor  may  often  be  able  to  judge  what  is 
the  cause  of  failure  and  govern  his  method  of  procedure  ac- 
cordingly. 

619.  Maintainer's  Inspections:  It  is  advisable  to  make  a 
general  inspection  periodically  of  all  parts  of  the  apparatus. 
In  cases  where  the  maintainer  takes  care  of  the  batteries,  this 
can  usually  be  done  at  the  time  of  the  regular  visits  to  the 
battery ;  otherwise,  visits  not  more  than  one  month  apart  should 
be  made  for  this  purpose.  On  such  visits  each  part  of  the  ap- 
paratus should  be  inspected  as  has  already  been  described,  ad- 
justments noted,  wear  taken  up  and  bearings  lubricated  if  neces- 
sary. It  should,  of  course,  also  be  observed  that  all  binding 
screws  and  nuts  are  tight. 

620.  It  is  very  desirable  that  the  maintainer  become  as  fa- 
miliar as  possible  with  all  his  circuits  when  in  their  normal 
condition,  keeping  a  record  of  the  voltage  of  each  battery  and  at 
various  other  points  in  the  circuits  as  convenience  permits,  also 
of  the  normal  current  flowing  in  each  circuit,*  voltage  drop  at 
contacts,  etc.  By  checking  these  readings  occasionally  during 
inspections,  slight  defects  may  frequently  be  discovered  and 
remedied  before  they  become  serious  enough  to  cause  failures. 

621.  When  riding  on  trains,  it  is  often  possible  as  mentioned 
in  Art.  287,  for  the  maintainer  to  observe  part  of  the  operation 
of  an  alarm;  that  is,  he  can  usually  hear  it  ring  as  the  train 
passes  and  sometimes  observe  that  it  stops  properly.  By  fol- 
lowing this  practice  it  is  frequently  possible,  especially  after 
thunder  storms,  to  discover  failures  and  make  repairs,  before 
the  regular  daily  test  is  made,  thus  shortening  the  length  of 
time  that  that  alarm  is  out  of  service  and  in  some  instances 
preventing  a  battery  from  becoming  polarized  or  exhausted. 

If  an  alarm  is  found  to  be  out  of  order  and  the  crossing  not 


*It  will  be  remembered   that  a  knowledge  of  the  normal  readinsrs  is 
required  in  many  of  the  tests  grlven. 
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guarded,  the  maintainer  may  be  able  to  guard  the  crossing 
while  making  repairs  (Art.  515),  but  if  he  finds  that  he  will 
have  to  leave  the  erossing  in  order  to  remedy  the  trouble,  he 
should  take  steps  to  have  it  guarded.  If  convenient  he  should, 
of  course,  arrange  to  have  a  temporary  flagman  furnished  from 
the  usual  source,  but  in  some  cases  it  may  be  more  expeditious 
to  detail  a  helper  to  guard  the  crossing,  especially  if  conditions 
indicate  that  repairs  will  be  completed  in  a  short  time. 

622.  Locating  Causes  of  Failure:  The  first  thing  to  be 
ascertained  when  proceeding  to  remedy  a  failure,  is  which 
circuit  is  out  of  order. 

In  some  cases  one  failure  will  lead  to  another;  for  instance, 
when  open  circuit  cells  are  employed  in  a  bell  battery,  the 
failure  of  a  track  or  line  circuit  may  result  in  the  bell  ringing 
continuously  imtil  the  bell  battery  becomes  polarized  or  ex- 
haiLsted.  A  shunt  on  a  normally  open  circuit  may  produce  a 
similar  effect  on  its  battery.  In  such  cases  the  repairing  of 
the  battery  and  the  remedying  of  the  original  cause  of  failure 
should  if  possible  be  conducted  together  in  order  to  put  the 
alarm  in  operation  as  soon  as  possible. 

Other  combinations  of  the  causes  of  failure  which  have  been 
described,  may  be  present,  and  especiallj''  if  of  an  intermittent 
character,  may  be  found  somewhat  diflScidt  to  locate.  However, 
if  the  maintainer  is  familiar  with  his  circuits  and  has  at  hand 
a  record  of  the  normal  readings,  he  should,  by  comparing  these 
readings  with  readings  now  obtained  and  by  observing  the  oper- 
ation of  the  apparatus,  be  able  to  judge  the  nature  of  the  de- 
fects and  their  probable  location. 

623.  On  account  of  the  great  variety  of  circuit  arrangments 
in  common  us(\  it  will  occasionally  be  found  desirable  to  em- 
ploy modifications  of  the  tests  described  or  in  some  instances 
to  c(mduct  them  in  a  different  order  from  that  given.  For 
example,  if  the  report  of  a  failure  received,  indicates  that  a 
certain  relay  had  failed  to  pick  up.  and  it  is  knowTi  that  the 
battery  for  this  circuit  has  recently  been  renewed  or  repaired, 
it  would  probably  be  advisable  to  inspect  the  battery  first,  es- 
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pecially  if  more  convenient  to  reach  than  the  relay,  as  it  is  quite 
likely  that  a  jar  was  cracked  and  put  back  in  service  unnoticed. 

624.  After  a  circuit  has  been  disconnected  or  after  the  cause 
of  failure  of  a  circuit  has  been  remedied  its  operation  should 
be  tested,  before  leaving  it.  The  best  method,  of  course,  is  to 
observe  its  action  in  regular  service,  but  if  no  train  is  likely 
to  pass  within  a  reasonable  length  of  time,  the  operation  of  a 
line  circuit,  for  instance,  can  often  be  tested  by  shunting  a 
controlling  track  circuit.  In  any  case  the  test  should  be  as  near 
a  duplicate  of  the  regular  operation  of  the  circuit  as  circum- 
stances will  permit. 

626.  Maintainers '  Failure  Reports:  It  is  customary  to  have 
the  maintainer,  after  locating  the  cause  of  failure,  and  re- 
pairing it,  note  on  the  report  which  he  has  received,  the  time 
that  he  received  it,  the  time  when  he  arrived  at  the  defective 
alarm,  the  cause  of  failure,  the  measures  taken  to  remedy  the 
failure,  and  the  tiiiie  when  repairs  were  completed,  and  to  for- 
ward it  to  his  superior.  In  some  instances  a  blank  form  is  pro- 
vided for  this  purpose. 
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EXABSINATION  QUESTIONS 


(1)  Why  is  it  undesirable  to  provide  fouling  sections  with 
track  circuits  that  only  operate  crossing  alarms  ? 

(2)  If  it  is  desired  to  give  40  sec.  warning  of  the  approach 
of  a  train  to  a  crossing,  how  far  would  the  track  circuits  ex- 
tend from  the  crossing  assuming  the  maximum  speed  of  trains 
to  be  40  mi.  per  hour? 

(3)  After  wiring  is  installed,  what  tests  of  same  is  it  de- 
sirable to  make? 

(4)  What  rules  should  be  observed  when  wiring  in  in- 
sured buildings? 

(5)  What  effect  would  probably  be  produced  by  using  a 
battery  whose  voltage  is  considerably  higher  than  required  by 
the  instruments  it  operates? 

(6)  Why  should  knife  switches,  which  are  used  with  high 
voltage  apparatus,  be  opened  with  a  quick  motion  ? 

(7)  What  condition  is  indicated  if,  in  Fig.  138,  a  voltmeter 
gives  different  readings  when  bridged  first  from  post  B  to  spring 
E  and  then  to  armature  F  ? 

(8)  What  condition  is  indicated  in  Fig.  138,  assuming  that 
the  bell  will  not  operate  with  the  normal  voltage  at  its  terminals, 
if  a  jumper  connected  from  post  B  to  armature  hanger  G, 
causes  it  to  operate? 

(9)  If  a  magneto  when  operated,  fails  to  ring  with  its  ter- 
minals connected  to  binding  post  A,  Fig.  138,  and  contact  post 
D,  what  condition  is  indicated? 
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(10)  What  portion  of  a  bell  is  moat  likely  to  cause  trouble? 

(11)  Why  are  lightning  arresters  more  generally  used  on 
line  circuits  than  on  track. circuits? 

(12)  How  would  it  be  possible  for  a  circuit  to  become  per- 
manently grounded  at  a  saw-tooth  lightning  arrester! 

(13)  Assuming  that  there  is  no  other  trouble  on  a  circuit, 
how  many  grounds  are  necessary  to  produce  a  failure  when 
the  common  wire  is  not  permanently  grounded? 

(14)  If  two  wires  extending  to  an  instrument  are  discon- 
nected from  all  apparatus  (that  is,  so  that  each  wire  is  isolated) 
and  a  magneto  whose  terminals  are  connected  one  to  each  of 
these  wires,  rings  when  operated,  what  causes  may  produce  such 
an  effect? 

(15)  What  apparatus  is  the  most  likely  to  become  grounded? 

(16)  If  a  wire  of  a  bell  circuit  is  found  to  be  broken  what 
means  are  generally  employed  to  place  the  bell  in  operation, 
before  this  -wire  is  repaired  ? 

(17)  During  what  weather  conditions  is  it  advisable  to  test 
for  grounds? 

(18)  Why  should  cut-out  switches  be  mounted  with  their 
handles  down  when  closed  ? 


(19)  If  the  readings  of  a  voltmeter  connected  between  a 
common  wire  (not  permanently  grounded)  and  the  ground  vsLry 
considerably,  what  may  produce  such  an  effect? 

(20)  Why  is  it  the  general  practice  to  insulate  hand  cars? 

(21)  How  often  should  general  inspections  of  apparatus  be 
made? 
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(22)  Why  should  a  record  be  kept  of  the  normal  readings 
obtained  at  various  points  in  the  circuits? 

(23)  If  the  normal  voltage  at  the  terminals  of  a  relay  fails 
to  cause  it  to  pick  up  its  armature,  is  the  trouble  in  the  cir- 
cuit or  in  the  relay? 

(24)  What  would  constitute  a  clear  failure  of  a  normally 
closed  circuit? 

(25)  What  dangerous  condition  may  be  caused  by  a  cross  in 
the  line  wires  between  locations  A  and  B,  Fig.  160? 

1^26)  Assuming  caustic  soda  cells  to  be  used  with  the  ar- 
rangement shown  in  Fig.  160,  what  effect  would  a  cross  in  the 
line  wires  between  locations  B  and  C,  have  on  the  battery  ? 

(27)  If  in  Fig.  171,  instead  of  the  circuit  becoming  grounded 
at  point  D,  it  becomes  grounded  at  point  E,  as  for  instance,  by 
a  battery  connector  coming  in  contact  with  the  side  of  an  iron 
battery  chute,  would  a  dangerous  condition  exist? 

(28)  If  the  relay  in  sketch  A,  Fig.  158,  operates  improp)erly 
when  its  circuit  is  opened  outside  of  the  lightning  arrest(*rs  and 
with  the  wire  disconnected  at  points  A  and  F,  a  temporar}" 
jumper  connected  in  its  place  causes  it  to  operate  properly, 

what  may  be  assumed  to  be  the  cause  of  the  trouble? 

• 

(29)  Which  cells.  Fig.  135,  are  still  furnishing  current  to 
the  circuit  when  the  battery  is  working  through  jumper  A  only? 

(30)  id)  If  an  ammeter  in  series  with  the  bell.  Fig.  138, 
shows  a  reading  higher  than  normal,  and  the  bell  fails  to  ring, 
what  condition  is  indicated?  {b)  If  the  meter  still  shows  a 
reading  when  the  wire  leading  to  the  coil  is  disconnecti^d  from 
post  A,  what  condition  is  indicated? 

(31)  If.  when  a  wire  is  found  to  be  grounded  and  causing 
trouble,  it  is  desired  to  employ  a  temporary  jumper  in  its  place, 
wliy  cannot  the  permanent  wire  be  left  connected  at  any  point? 
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Poles,  Erecting 47 

Poles,  Gaining  and  trimming      ...  43 

Poles.  High  tension 100 
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Stirrup 113 

Storm  guys 67 

Strap,  Safety 30 
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strap  vise 28 
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Stretchers,  Wire 27 

Stringing  cables 123 
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stringing     signal     wires     on,     telegraph 

poles 52 

%t  ringing  wires 62 
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submarine  cables,  Testing    ....  166 
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Supporting  capacity  and  sag  120 
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Tamping  bars 24 

Tank  lightning  arrester         ....  102 

Tape  or  snake.  Fish 137 

Tapes 23 

Taping  joints  in  rubber  covered  wires  84 


Page 

Taping  taps            86 

Taps 79,  87 

Taps,  Taping 86 

Telegraph   poles,   Stringing   signal   wires 

on 52 

Telephone  cross-arm 8 

Tension  and  sag 66 

Tension,  Measuring 67 

Terminal  and  junction  boxes  114,  125 

Terminal  pins 12 

Terminal  pole  back  brace  10 

Terminals 136 

Terminals,  Submarine                           .        .  154 

Test  connector 20 

Test  for  location  of  crosses  ....  08 

Test  for  location  of  grounds        ...  07 

Testing  aerial  cables     .                               122.  120 

Testing  high  tension  insulators                   .  106 

Testing  submarine  cables  155 
Testing  underground  cables  140, 151 
Tests,  Electrostatic  capacity  for  location 

of  breaks 151 

Thimble,  Wire  rope 6 

Three  wire  spUce           76 

Tie  wires 67 

Tie  wires,  Table  giving  length  of        .        .  68 

Tie  wire  wrenches 31 

Tinning  the  soldering  copper       ...  83 

T,  Lead 134 

Tools,  Construction 24 

Tools,  Excavating  and  earth-handling  24 

Tools,  Pole  erecting 24 

Tools,  Wire  stringing            ....  26 

Tools,  Wood  working           ....  26 

Transmission  lines 1 

Transposition  insulator         ....  15 

Transposition  pins 12 

Transpositions 88 

Tree  brackets 13 

Tree  insulators 13 

Trees,  Guying  to            60 

Trees,  Running  through       ....  88 

Tree  trinmier 32 

Trenching 06 

TfiiMigle,  Line  wire 27, 62 

Trimmer,  Tree 32 

TroUeys,  Cable 116 

Trunking 16 

Trunking  on  poles  and  cross-arms  71 

Tubes,  Porcelain 18 

Tubes,  Window 18 

Turnbuckle 7 

Turntable 166 

Twin  or  duplex  wire.  Running    ...  70 

Tying 67 

Tying  wires  to  high  tension  insulators  106 


XIV 


U. 


Pate 


Underground  oable 13 

Underground  oablee,  Testing  149,  liSl 

Underground  junction  and  joint  bozee,  134, 147 

Underground  linea 1,131 

Underground  Unes,  Connections  to    .  148 


V. 

Vise,  T lineman's  or  hand 
Vise.  Strap     ... 
Vitri6ed  clay  conduit 

w. 

Wall  bracketo 

Water-jet  lightning  arrester 

Weather  protectors 

Western  climbers 

Western  Union  insulator 

Western  Union  joint 

Winches  and  capstans 

Window  tubes 

Wiped  solder  joints 

Wiping  cloths  or  pads 

Wire  clamps  . 

Wire  connectors 

Wire  eye 

Wire  for  open  wire  lines 

Wire  guards 

Wire  joints  or  splices 

Wire  meters  or  measuring 


28 

28 

132 


18 


machines 


13 
102 
18 
29 
15 
76 
116.  138 
18 
146 
138 
27 
.  77.  87 
6 
1 
16 
18,74 
32 


hp 


Wire  peeler.  Perry 
Wire  Tope  dips 
Wire  rope  thimble 
Wires,  Crossed 
Wires.  Fish     . 
Wires,  Ground 
Wires.  Grounded 
Wires,     iiff>wfleii|^ffi , 

rier 

Wires,  Open 

Wires  on  insulators,  Poeitian  of 

Wires,  Spider  or  bridle 

Wires.  Tie 

Wire  stretchers 

Wires,  Stringing    . 

Wire  stringing  tools 

Wire  tools.  Howe's 

Wood  insulator  pins 

Wood  poles    . 

Wood  poles,  Table  of 

of         .       .       . 
Wood  working  tools 
Wrapped  joint 
Wrenches.  Lag  screw 
Wrenches,  Splicing 
Wrenches,  Tie  wire 


WeighU 


and 


22, 


car* 


i:: 

♦ 


SUM 


Y. 


Y  Gu3ring 


Zinc  strap  hanger 
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Adjustable  resistance  coil  for  testing 

Adjusting 

Armature  bar 

Armature,  Differential 


52 

48 

12,24 

31 


Armature  lever 16, 17 

Armature,  Neutral 2 

Armature,  Polar  38 

Armature,  Polarised  2,  38,  39,  41 


a 


Back  contact 

Back  contact  point 

Back  contact  post 

Back  contact  screws 

Back  contact  springs 

Back  stop  screws 

Back  strap      .... 

Base 

Blow-out  coils 
Break-down  test.  Insulation 


.  6.  7.  13. 16 

.     3,13 

6.  12, 18 

24 

.  13,24 

12 

2 

2,  12,  14.  23.  26 

18 

54 


c. 


Caps 

Carrier  .... 

Closed,  Definition  of  the  term 

Coils 

Coils,  Blow-out 

Coils,  Core  wound 

Coils,  Differential 

Coils.  Form  wound 

Coils,  Neutral 

Compound  wound  relays 

Compound   wound   r^ays.   Pick-up 

drop^way  p<nnts  for 
ComiK>und  wound  relays.  Symbols 
Construction  of  magnets 
Contact.  Back 
Contact  bar 


1.    *i    ^^ 


Contact  blocks 
Contact  fingers 
Contact,  Front 
Contact  pieces 
Contact  iK>int,  Back 


6.  13 


for 


tad 
33.3* 


17,5? 

3.  :v 

6.7.1' 
3 


XV 


O.  Cc ,_ 

Contact  point,  Front 
Contact  post.  Back       ....      6, 
Contact  poet.  Front 
Contact  BcrewB,  Back 
Contact  springs  .  .      13, 24 

Contact  springs,  Back 
Contact  springs.  Front 
Contacts,  Fusing  of 
Contacts,  Neutral 
Contacts,  Polarised       .  .39, 

Contacts,  Resistance  of 
Core  wound  coils 

Current,  Curves  showing  operating 

Curves  showing  operating  currents  and 

voltages 


D. 


Page 

3,13 

12,18 

6,7 

24 

42.44 

13,24 

13 

6,67 

39 

41,44 

64 

47 

49 

49 


Page 


I. 


Differential  armature  ....         31 

Differential  coils  31 

Differential  relay.  Polarised  type  44 

Differential  relays  1,  2,  28 

Differential  relays.  Pick-up  and  releasing 

IK>int8  for  52 

Differential  relays.  Symbols  for  .       .  29, 32 

Double  circuit  instrument  ...         26 

Double-wound  relays  ....  i 

Drop-away  current 49 

Drop-away  point 48 

Drop-away  point,  Testing  for  .     62, 63,  64 

Drop-away  points  for  compound  wound 

relays 61 

E. 

Examination  questions         ....         61 

F. 

Fingers,  Contact  ....       3,13,38 

Form  wound  coils 47 

Front  contact        ....  6,  7. 13, 16 

Front  contact  point  .        .        .        .     3, 13 

Front  contact  post 6,  7 

Front  contact  springs  ....         13 

Front  stop  screws 12 

Fusing  of  contacts 6,  57 

G. 

Gauge,  Thickness 49 

Glass  case 12 

Glass  ring 2 

H. 

Heavy  current  relay 17 

Heavy  current  relay.  Symbol  for       .       .         17 


Initial  charge 51 

Inspection 56,  67 


Installation 

Insulation  break-down  test 
Interlocking  arms 
Interlocking  hooks 
Interlocking  relays 
Interlocking  relays.  Symbols  for 


J. 


Jewels,  Glass 
Jewel  screws 
Jumper  wires 
Jumper  wires.  Sise  of 


Lightning  discharges 

M. 

Magnets,  Construction  of 

Magnet  stand 

Maintenance 

Mercury  contact  relay 

Mercury  rings 

Minimum  operating  current 

Minimum  operating  voltage 

N. 


56 
64 
23 
24 
1,18 
21,26 


24 
24 
44 
56 


46,  47,  64,  67 


46 
12,23 
56 
16 
16 
49 
60.61 


Neutral  armature 2 

Neutral  coils 31 

Neutral  contacts            39 

Neutral  polar  relay 39 

Neutral  relay.  Operation  of         .        .        .  7 

Neutral  relay  symbol            ....  7 

Neutral  relays 1, 2 

Normal  operating  current            .        .  61 

Normal  operating  voltage                            .  60,  61 

o. 

Open,  Definition  of  the  term      ...  8 
Operating  currents  and  voltages.  Curves 

for 49 

Operation  of  neutral  relay           ...  7 

P. 

Pick-up  point 48 

Pick-up  point.  Testing  for  .     62,  53,  54 

Pick-up  points  for  compound  wound  re- 

-lays 51 

Pick-up  points  for  differential  relays  62 

Polar  armature 38 

Polarised  armature  2,  38,  39.  41 

Polarized  contacts         .        .  .39,41,44 
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Polarized  contacts  used  as  a  pole  changer  39, 41 ,  44 
Polarized  relays  .     2,  37 

Polarized  relays,  Symbols  for      .  .30,  41 

-Pole  changer,  Polarized  contacts  used 

as  a 30,41,44 

Projecting  arm 18 


R. 

Relay,  Heavy  current 

Relay,  Mercury  contact 

Relay,  Neutral  polar     . 

Relay,  Slow  acting 

Relay,  Slow  releasing 

Relay,  Two-point,  Three  point,  etc. 

Relays,  Compound  wound 

Relays,  Differential 

Relays,  Double-wound 

Relays,  Interlocking 

Relays,  Neutral 

Relays,  Polarized 

Relays,  Solenoid 

Relays,  Wall  type 

Releasing    points    for    differential    relays 

Residual  magnetism  test 

Resistance  coil  for  testing,  Adjustable 

Resistance  of  contacts 

Resistance  of  contacts.  Testing 

Retractile  spring  .        .        .        .12, 


s. 


17 

15 

30 

1 

1.27 

2 

1,32 

,2,28 

1 

1.18 

1,2 

2,37 

2,35 

12,15 

52 

54 

52 

54 

55 

24,35 


Slow  acting  relay 1 

Slow  releasing  relay 1 ,  27 

Solenoid  relays 2,  35 

Specifications,  R.  S.  A 57 

Spectacle 12,  23 


Stand  rods 

Stop  screws.  Back 

Stop  screws,  Front 

Supporting  rods 

Swivel  shaft 

Symbol  for  heavy  current  relay 

Symbol,  Neutral  relay 

Symbols  for  compound  woimd  relays 

Symbols  for  differential  relays 

Symbols  for  interlocking  relasrs 

Symbols  for  polarized  relays 

T. 


33 


Pa«e 

7 

12 

13 

2 

12 

17 

7 

34,35 

20.32 

21.26 

39.41 


Tension  post 13 

Testing  52 

Testing,  Adjustable  resistance  coil  for  52 

Testing  for  defective  insulation  .  57 

Testing     for     pick-up     and     drop-away 

points 52,  53, 54 

Testing  operation  of  relay  when  in  ser- 
vice        56 


Testing  resistance  of  contacts 
Test,  Insulation  break-down 
Test,  Residual  magnetism 
Thickness  gauge 
Tray 


55 
54 
54 

49 

2,*12. 14 


V. 


Vibration,  Effect  of       .        .        . 
Voltages,  Curves  showing  operating 


w. 


Wall  type  relays 


55 
51 


12.  15 


Y. 


Yoke 
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A. 


Adjustable  resistances 
Angle  insulator 


20.  65,  66,  185 
6 


Answers  to  examination  problems 
Arrangements  at  grade  crossings 
Arrangements  at  switches 
Arrangements  of  gravity  cells     . 
Arrangement  of  storage  batteries 
Arresters,  Combination 
Arresters,  Lightning 
Arresters,  Spark  gap     . 
Artificial  resistance 


113.206 
106 
101 
60 
66, 184 
34 
30 
.  30,31 
50,  66,  68,  74 


Artificial  resistance.  Effect  of  varying  68 

a 

Ballast 116 

Ballast  resistance 50 

Ballast  resistance  at  bridges  and  struc- 
tures   .       t 118 


107 


Ballast  resistance  at  frogs  and  switches 
Ballast  resistance  at  highway  grade  cross- 
ings and  station  platforms  .  117 
Ballast  resistance  in  tunnels  .  110 
Ballast  resistance.  Measuring  186 
Batteries,  Closed  circuit  .  19.  20,  65 
Batteries,   Installation  and  maintenance 

of 177 

Batteries,  Open  circuit         ....         20 
Batteries,  Primary        ....  10,  59 

Batteries,  Records  for  ...       182, 185 

Batteries,  Resistance  in  series  with         20, 50, 65 

Batteries,  Storage 20, 65 

Batteries,  Track 18 

Battery  boxes 23 

Battery  case 23 

Battery  charts.  Track  ....  63,' 64 

Battery  chutes 24.  25 

Battery  chutes,  Double        ....         27 
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Battery  chutes,  Single          ....  27 

Battery  closet 23 

Battery  connectors 172 

Battery  cupboards 23 

Battery  elevators 25,  27 

Battery  feeding  against  traffic  50 

Battery  feeding  a  number  of  circuits  66,  73 

Battery  feeding  with  traffic         ...  50 

Battery  gravity 19,  60 

Battery  leads 163 

Battery  shelters 22 

Battery  shelters,  Installation  of  142 

Battery  shelters,  Maintenance  of        .        .  145 

Battery  shelters.  Wiring  in          ...  170 

Battery  vault 28 

Battery  well 28 

Bilge  pump 146 

Bonding 120 

Bonding  at  derails 4,  120 

Bonding  at  switches  and  frogs  3,  4,  128 

Bonding,  Maintenance  of     .  129 

Bonding,  Tests  for 187 

Bonding  tube 3 

Bonding  tube.  Application  of              .        .  4 

Bonding,  Use  of  oil 126 

Bonds,  Rail            1.4 

Bonds,  Renewing  rail  131 

Bond  wire 2 

Bond  wire.  Connection  to  the  rail       .  3 

Bond  wire.  Expansion  loop  in     .  125 

Bond  wire  plug 3 

Bond  wire  plug.  Application  of           .        .  4 

Bond  wire  plug.  Connecting  wire  to  3 

Bond  wire  rivets            3 

Bond  wires.  Applying  123 
Bond  wires  at  highway  grade  crossings    124, 130 

Bond  wires  at  station  platforms  124 

Bond  wires  in  tunnels                   .  124 

Bond  wires,  Staples  for        ....  4 

Bond  wires  where  guard  rails  are  used  131 

Boot-legs 153 

Boot-leg  wires 164 

Boot-leg  wires.  Installation    of  .  166 

Branch  joints 171 

Bridges,  Ballast  resistance  at      .                .  118 

Bridges,  Track  conditions,  etc.    .        .        .  118 
Broken  rail  protection, 

56,  59,  72,  77,  102,  106,  125 

Broken  rail  protection.  Tests  188 

Broken  rails           90,  07 

Buildings,  Wiring  in 175 

Built  up  thinking 43 


c. 


Calculations    for   normally   closed    track 

circuits  .       .  51,61,69,86.90 


Page 
Calculations  for  normally  open  track  cir- 
cuits   93,  99 

Capping 42 

Cartridge  fuse 34 

Caustic  soda  and  potash  batteries  65 

Caustic  soda  and  potash  batteries,  Instal- 
lation and  maintenance  of     •  .  182 

Cells,  Closed  circuit 10 

Cells,  Dry 20 

Cells,  Open  circuit 19 

Cells,  Salammoniao 20 

Chair 6 

Channel  pin,  Application  of         .        .        .  4 

Channel  pins 3 

Channel  pin  set      .  .       .126 

Charging  switches  21, 184 

Chemically  treated  ties         .  .       115 

Choke  coils 31,34 

Clear  failures 200 

Clearing  relay  circuit,  Differential  100 

Clearing  relay  circuits.  Multiple  85 

Clearing  relay  circuits.  Series  98 

Cleats  for  wiring  .        .  .       173,  175 

Closed  circuit  batteries         .  .19, 20, 65 

Combination  arresters  ....         34 

Common  rail 59,  74 

Conduit 43 

Conduit,  Installation  of        .  .  157 

Cross-leads,  Trunking  147,  155 

Cross-overs,  Insulating  140 

Cut-outs 101,  137 

Cut  section 78 


D. 


Dead  rail 

Dead  section  .... 

Defective  conditions 

Definition  of  the  term  track  circuit 

Derails,  Bonding  at       .        .        . 

Detector  bar  insulation 

Differential  clearing  relay  circuit 

Differential  relay 

Double  rail  track  circuits 

Double-wound  clearing  relay  circuit 

Double-wound  relay 

Drainage  for  trunking 

Drainage  of  road-bed 

Drill  grinding         .... 

Drill  grinding  machine 

Drilling  machine,  Union  track 

Drilling  machine,  Wilson  track 

Drilling  rails  .... 

Drop-away  points  of  track  relays 

Dry  battery  shelters 

Dry  cells 


101 


103 
,  104,  107 
58,98 
1 
4,129 
140 
100. 
100 
58 
89 
89 
148 
117 
123 
123 
121 
120 
120 
63.64 
20 
20^ 
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Fife 


Etovaton,  Battery 26,  27 

End  post 6, 7 

EnerKy,  Source  of         .        .        .       19, 59, 74, 76 
Examination  questions  and  problems, 

46, 110,  202 
Expanirion  loop  in  bond  wire  125 

F. 

FaOures,  Clear 200 

Failures,  Intermittant  ....  199 

Failures,  Normally  closed  track  circuits  195 

Failures,  Normally  open  track  circuits  201 

Failures,  Records  of 201 


Fiber  bolt  bushing 

Fillers,  Metal 

FiUers,  Wood 

Fish  plates     .... 

Fish  wire        .... 

Fixed  resistances 

Flexible  wire.  Soldering 

Floating  a  storage  battery 

Foreign  current 

Foreign  current.  Remedies  for 

Foreign  current,  Sources  of 

Foreign  current.  Testing  for 

Fouling  point 

Fouling  protection 

Fouling  sections.  Tests  for 

Frogs,  Ballast  resistance  at 

Frogs,  Bonding  at 

Front  rod  insulation 


Front  rod  insulation.  Installation  of 

Frost  board  

Frost  breaker 

Frost  cover  

Frost  do<»' 

Function  of  the  track  circuit 

Fuses 30,  32 

Fuses  used  with  storage  batteries  20. 184 


6 

.        .       7.8 

6,8 

10 

165 

21 

174 

76 

68, 136. 189.  200 

190 

190 

190 

104. 141 

103 

.  .  «         ICfo 

•107 

3,  4, 128 

14 

138 

.  24,26 

24 

24 

39 

58 


6. 

Generators,  Current  from 

Grade  crossings,  Arrangements  at 

Gravity  battery     .... 

Gravity  battery,  Installation  of 

Gravity  battery,  Maintenance  of 

Gravity  battery.  Test  of  a 

Gravity  cells,  Arrangements  of 

Grinding  drills 

Grooved  lumber 

Ground  clamp 

Ground  plate 

Ground  rod 

Grounds 

Grounds,  Installation  of 


74 

106 

19,60 

178 

181 

178 

60 

123 

42 

36 

36 

36 

36 

161 


H. 


Highway  grade  crossings,  Ballast 

anoe  at 117 

Highway  grade  crossings,  Bond  wires  at  124, 130 
Highway   grade   croesings,   Track   condi- 
tions at 117 


Inside  wood  

Installation 

Insulated  rail  joint  for  use  with  frogs 
Insulated  raO  joint,  Keystone 
Insulated  rail  joint.  Mock 
Insulated  rail  joint,  Weber 
Insulated  rail  joints      .... 
Insulated  rail  joints  for  use  with  guard 

rails 

Insulated  rail  joints.  Installation  of 
Insulated  rail  joints,  Location  of 
Insulated  raU  joints,  Maintenance  of 
Insulated  rail  joints.  Testing 
Insulation,  DetecUx*  bar 
Insulation,  Ftont  rod 
Insulation,  Lock  rod 
Insulation,  Pipe  line 
Insulation,  Switch 
Insulation,  Switch  rod 
Insulation,  Throw  rod 
Insulation,  Tie  plate 
Insulation,  Wire  line 
Intermittant  failures 


J. 


5.6 
116 

7 

8 

6 

1,4 

8 

132 

132 

133 

134 

140 

14.138 

14.138 

17.139 

9,137 

10. 137 

13 

16.139 

IS 

199 


Joints  in  trunking 149 

Joints  in  wiring 165, 171 

Jumpers  101, 104, 107. 108. 164 
Jumpers,  Installation  of  .  129. 168 
Junction  boxes 153 


Keystone  insulated  rail  joint 
Kicking  coil 


34 


Length  of  track  circuits.  Maximum  .  78.  96 

Lightning  arresters 30 

Lightning  arresters.  Installation  of  .161 

LightniniK  arresters.  Maintenance  of  .162 

Live  rail 103 

Lock  rod  insulation 14 

Lock  rod  insulation.  Installation  of  138 

Loop  joint 171 

Lugs 175 
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M. 


Maintenance 

Maintenance,  General 

Materials  of  construction 

Mica  fuse 

Mock  insulated  rail  joint 

Multiple  clearing  relay  circuite 

N. 

Normally  closed,  Explanation  of  term 

Normally  closed  track  circuit  failures 

Normally  closed  track  circuits    . 

Normally  closed  track  circuite.  Batteries 
used  with  

Normally  closed  track  circuite,  Calcula- 
tions for      .        .  51, 61, 69, 

Normally  closed  track  circuite.  Defective 
conditions 

Normally  open,  Explanation  of  term 

Normally  open  track  circuit  failures 

Normally  open  track  circuite 

Normally  open  track  circuite,  Batteries 
used  with  

Normally  open  track  circuite.  Calculations 
for 

Normally  open  track  circuite.  Defective 
conditions 


o. 


Open  circuit  batteries 
Operation,  Principles  of 
Outeide  wood         .... 
Overlap  track  circuit 

P. 

Pick-up  pointe  of  track  relays 

Pipe  line  insulation 

Pipe  line  insulation.  Installation  of 

Piteh  compound 

Plug,  Bond  wire 

Polarised  track  circuite 

Polarised  track  circuite,  Relayed 

Pole  changers,  Teste  for 

Primary  batteries 

Principles  of  operation 

Protection  for  wires 

Protectors 

Pump,  Bilge  .... 

Punch  for  channel  pins  or  bonding  tubes 


R. 


Rack,  Storage  battery 

Rail  bonds 

Rail  bonds.  Renewing 


Page 


115 

185 

1 

33 

8 

85 


49 

195 

49 

60.65 

86.90 

58 

92 

201 

92 

97 

93,99 

98 


20 

49 

5.6 

91 


63.64 

17 

139 

43,165 

3 

80 

83 

189 

19,59 

49 

43,165 

30 

146 

128 


29 
1.4 
131 


Page 
Rail  jomte.  Insulated  .1,4 

Rail,  Resistance  of  steel       ....         52 

Ratehet  clamp 133 

Records  for  batteries  182, 185 

Records  of  failures 201 

Records  of  teste  195 

Relayed  polarised  track  circuite  83 

Relayed  track  circuite  ....         78 

Relay  boxes  39 

Relay  cases  38 

Relay  cupboard 38 

Relay,  Differential 100 

Relay,  Double-wound  ....         89 

Relay  leads  163 

Relay  poste  39,  40 

Relay  shelters 38 

Relay  shelters,  Installation  of     .        .        .       146 
Relay  shelters,  Wiring  in     .  .174 

Relay,  Slow  releasing  ....         83 

Relays 76 

Relays,  Pick-up  and  drop-away  pointe  of 

track  63.64 
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Slack  boxes 152 

Sleeve  ratehet 133 

Slips,  Insulating 140 
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Batteries,  Testing 
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Failure,  Combination  of  causes  of  .  213 
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for 76 
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for 74 
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Flagmen,  Temporary  216 

Foreign  current      ....'..  209 

Foreign  current.  Remedies  for  210 
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Foundation  for  battery  house  116 

Fuses,  High  voltage 26,137 
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Gravity  batteries,  Installation  and  main- 
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Ground  rods 153 

Grounds,    Installation    and   maintenance 
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Lamps,  Circuits  for 


27 
29 
20 


2.14 
32 


XZIU 


BIOB^WAV  CROMilBIG  Page 

9IGli|AI«». 
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Polarised  cells 

Polarized  relay  track  circuits 

Push  buttons 
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R.  &  H.  escapement  relay 

Records,  Battery 

Registers         .... 

Relayed  track  circuits 
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Relay,  Line 

Relays,  Adjustment  of 

Relays,  Clearing 
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Sal-ammoniac  batteries.  Installation  and 

maintenance  of 128 

Signals,  Gate 2,  76, 161 

Sign  post 1,  16 

Signs  14. 113 

Single  track  arrangements           ...  81 

Shelters  for  high  voltage  apparatus  139 
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Spring  keys 27 
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Stick  relay 50 

Stick  relay  circuits,  Testing  for  failures 
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Stirrup,  Bell 9 

Stopper 63 

Stop  release           101 

Stop  release,  Location  of     .  102 

Strap  key 27 

Switch  box 64 

Switch  circuit  controller       ....  64 
Switches,  High  voltage        ...        27, 138 
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Tapper,  Bell  5 

Temporary  flagmen 216 

Tension  spring,  Bell 5, 0 

Terminal  boards,  Installation  of  154 
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Testing  bells 144 
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Testing  for  foreign  current  210 
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Testing  relays 150 

Testing  wiring 124 

Test  keys 28.37,60 

Test  keys,  Connected  in  multiple  .         33 

Test  keys.  Connected  in  series  .  33.  82 

Test  keys,  Installation  of     .  158 

Teat  keys.  Maintenance  of  ...        160 
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Time  bell 24 

Time  circuit  breaker 21 

Time  circuit  breaker,  Circuits  for  58,  69.  104 

Time  circuit  controllers        ....  21 

Time  circuit  controllers.  Installation  of         151 
Time  circuit  controllers.  Setting  115 

Time  circuit  controllers.  Use  of  4.  58,  104 

Time  element         ......  25 

Time  element.  Circuits  for  ...         60 

Tongue  test  148 

Tower,  Bell 14 

Track  box,  O'Neil 19 
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Track  circuits.  Determining  length  of  .  115 
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Track  circuits.  Short 3 
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of 115 
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of 121 
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Varlcy  loop  test 179 
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Wiring,  Testing 124 


